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Bacteriological Methods in Water Qua^lhy Control Programs 



This course is for laboratory personnel who can 
perform basic bacteriological laboratory procedures * 
such as sample inoculations, transfers, weighings and * 
related skills. 

Afte:^ successfully completing thei^ourse* the ' , 

student wiU have increased knowledge of all 

aspects of sampling, analysis and data handling 

for bacteriological samples as required by Federal 

Register Guidelines for effluent monitoring and 

other w^ter quality programs. - ' ^ ^ ^ 

The training incorporates, classroom instruction ^ 
and activity sessions, student performance of . ^ 
laboratory assignments and follow-up discussions. • * 



U* 5. ENVIRON^ffiNTAL PROTECTION AGENC; 
y * pffice oif 'Water Program*Operations 
^^^tioiial Training and Operational Technology Ce^tet* , ' ' 



' FOREWORD , * \ • : C ' 

These manuals ^e prepared for reference use of students eni^lled tn scheduled 
training coursea,of the Office of Water program .Operations, U, S. Environmental 

Protection Agency. ^ ' 

* • » 

Dueno the limited availability of the manuals itMs noti appropriate^ 
. to cite them as technical references in bibliographies, OK other forms 
of publication. ' ^ - 

References to prdducts and manufacturers are for illustration only; 
such references do not imply product endorsement by the Office of , 
Water Program Operations, 11,8, Environmental Protection Xgency. * > 

The reference outlines in this manual have been selected and developed with a 
goal of providing the student with a fund of the best available current information 
pertinent to the subject matter^of the course. Individual instructors may provide 
additional material to cover specisJ^aspects of their own^^esentations. 

This manual will be-useful to anyone who has need for information t>n the subjects 
covered. However, it should be understood that the manual will have its greatest 
value as an adjtmct tp classroom presentations^ iThe inherent advantages of 
classroom presentation is in the give-and-take discussions\and exchange of infor- 
mation bet\7een and among students and the ipstanictional. staff . . ^ ^ 

Constructive suggestions for improvement in the coverage, corit^t, ahd format 
of the manual are solicited and Vill be given full consideratiorv 
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FEDERAL REGISTER-GUIDELINES FQR CHEMICAL ANALYSES 



FEDERAL REGISTER GUIDELINES 



A Authority 

1 In 1972, section 304(g) of Public L^w 
92-500; required the EPA Administra- 

/ tor to promulgate sidelines establishing 
test procedures for the analysis of pol- 
lutants that-would include the' factors . 
that must be provided in any state certi- 
fication (section 401h or National 
• Pollutant Discharge "Elimination System 
(r^DES) permit application (section 
402). 

2 These test procedures are to be used 
by applicants to demonstrate that efflu- 
ent discharges meet applicable pollutant 
discharge limitations, and by the states 
and other enforcers in routine or random 
monitoring of effluents to verify effective- 
ness of pollution control measures,, 

B Establishment / , * 

» Following a proposed listmg there was a 
period for reply by interested parties. 
The first rulemaking was published in 
the Federal Register on October 16, 1973J 

p \ — ^ 

C. Current Guidelines 

t'roposed amendments and update wq^e 
publishe'd in . 1975. The cUrreht guide- ^ 
^ lines were issued in the Deeember 1, 1976 
Federal Register. . 

D^ Format ' ^ , 

The '^Approved Test Proopdures'Vs^re 
• given in a tabl^ which lists 115 paralneters, 
the methodology to be used to determines 
them and either the page number j/R stahdard 
references or else a. source where the ama** 
^ Jlytical procedure cdii bd found.* * / 



1 Divisions. 

The parameters are listed alphabetically 
including four 'subcategories of related 
tests: 

a , bacteria* 
b metals 
c radi'ol5)gicaI 
d residue 

2 Standard References 
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Those cited mo^ often as source^ of 
analytical procedures for the listings 
r are the EPA Chemical Me^ods Manual^" 
Standard Methods^ ASTM^ and U. S, 
Geological Survey? Other sources of 
procedures are giv6n in foptnotes to the 
' Table. - • 

U EPA CHEMICAL METHODS MANUAL 

A Analj^ical Procedures 



The EPA Chemical Methods Manual was 
developed for therr water quality laboratories, 
using Standard Me1;)[iqds and ASTM as basic / 
references. In many cases, EPA modi^fie^d 
methods rfrom these sources or else develop- 
ed methods suitable for their own laboratories.- 



B Sampling and Preservation Techniques 



The manual also contains a<;^ction,'on sarri -' ^ 
pling and preservation. Thi^ is in tabular 
'form and contains information on volunxes 
required for analysis, the type of container 
that can be .used, preservation, measures and 
holding Jime^. . The curiSent j^ederal Register 
references this Table for re^commendations 
on these aspects of sample ^an^dlihg forNPDES/ 
Certificatibn purposes. / 



V t . 



FederaT'Reglster Guidelines For Chemical Analyses 



^ C Precision and Accuracy Data » 

Predision and accuracy data from inter- 
laboratory quali^ control stydj^es are* 
given for most of th% methods l::it€rd, 

JU METHODS NOT IN 1976 GUIPELINES ' 

A Appjication to Use - , ^ 

. • * < 

a' system has-been est^lished for' permit 
* holder^s to apply for approval to use 

methods not listed in the December 1^ 1976 7" 
Federal Register. One supplies reasons 
for using an alternative method to the EPA|^ 
Regiona:l Administrator through the state * 
agency which issues certifications and/br- 

permits. If the state does.wot have suclj^ ^ 

; an agency, the application is submitted 

directly to the EPA Regional Adrninistfatoi;, 

B Order ol Processing 



sfore approving such applications, the 
Regional Administrator sends a copy to' 
^the Director of the EPA Environmental 
' Monitoring and Support Laboratory (EAISL) 
for review and recommendation. If the 
Regional Administrator rejects any appli- r 
cation, a copy is also sent to EMSL. Within 
90 days the applicant is to be notified (along 
with the apfpropriate st^ite agency) of approval 
or rejection. EMSL also - receives a copy of 
, approval or rejection notifications for purposes 
,of national coordination. 

IV REQUIRED ANALYSES 



Which measurements are to be dope and 
reported d.epend on the specifications, of 
the individual c^rtiTi cations or permits. 

A Mandatory f6r Secondary Plants * . ^ 

By ^Jiily 1^ J977 all municipal secondary 
•wastewater treatment plants will be re- 
quired to measu remand report pF^ BOD5 
(biochemical oxygen demand), suspended 
solids and flow. Many plants are required 
to, report these hoW . '/ ' 
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B -Additional, for Secondary Plants ' 

Measurements which also may be required 
of secondary treatmervt plants are fecal 
coliform bacteria, residual chlorine, 
settleable solids, COD (chemical ^oxygen 
demand), total phosphorus, an3^the^ nitrogen 
, ^ '*series (^tot^l Kjeldahl N, NH3-N, NO^^-N, ^ 
.^NOg-N)* • • ' 

C Municipalities and Industries 

Other required analyses depend on local 
factors for a municipality. Each industry 
has requirements pertinent to lh« processes 
involved. 



1 Non-specific 




2 , 



Non-specific measurements to assess 
overall wajer quality might be required 
}ike aj^idity, alkalinity, color, turbidity, 
specific coliduotance. 

2 Organics ^ 

V^ious organic iinalyses might be relevant 
such^as totar.organic carboA, organic nirro 
gen,*phenoIs, oil and grease, surfactants, 
pesticides. ' . 



A'tetals ' 

^ Specified metals may be of intere^st* 
Currently, the F^d^ral Register lists 
.35 trace metal's^iri the. test procedure 
guidelines. 



' 4 Others , - 

Cyanide,-' bromide, chlorid^e, fluoride and 
hardn.ess are othefr measurements that 
might be required* ^ . / * * 

V METHODOLOGY AND^ SKILLS ^ * 



A Methodology^**^ ' * - , 

Th* analytical methods specifieeMn the 
Federal Register for these measurements 
'range ffohi ^Vet" procedures using equip- 
. ment common^l^ found in most laBoratories/ 
^ 'to procAures requiring sophistiqated 
, instrijinjents such as'an organic carbon 
*. . ailalyzer or'an atomic absorption unit. 



Federal Register Guidelineg For Chemical Analyses 



B Skills 

^ The^ degree of analytical skills required 
to perform the analyses likewise varies, 

-as does th^ cost of having such analyses 
performed by service laboratories. 

VI. OTHER ANALYTICAL CONSIDERAT^IQNS 

A Sample * 



listed/ it also'updates tfe&v.regulations for 
application to use methods not cited 'in the 
guideline^. The measurements which must 
be made are specified by either a state 
agency or by^U. S. EPA. Apparatus and 
professional skills to do the measurements 
will vary. Representative samples, com- 
plete records and analytical quality control 
measures are^all necessary elements for 
producing reliable data. 



The importance.of securing a represent- 
ative sample of the typ^ (grab or compo- 
site) specified by the permit cannot be ' 
over -stressed.* 

B Record Keeping ^ 

Keeping complete and permanent records 
about the sample is also essential. Such 
records include conditions when the sampje 
was collected, chain of custody*signa,tures' 
and details and results of analyses. 



C Quality Control 

- Whether the.aijalyses arfe done in-house 
, or by a service' laboratory, an Analytical 
Quality Control Program should be estab- 
lished. Fifteen to twenty percent of 
an alytical time (cost) should be given to 



checking standard curves foi^-colorimetry, 
an^y zing, duplicate jsamples to check pre- 
cision and analyzing spiked samples to 

" check accuracy. Recording precision and 
accuracy data on quality contrpl charts is 
an effective method of using such data as . 
a daily check on analytical performaJice> ^ 
This jcan also be done with numbers 

^ reported on **blind" samples sent to 
service labs. , - . 
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yil SUMMARY' 



The December 1, 1976 Federal Register 
^promulgates guidelines establishing test 
procedures for the analysis of pollutants 
which might be required for certification 
(PXi 92r5Jp[p, section 401) or for NPDES 
permits ;{P£' 92-5p0, section 402).. The 
issue lists page^ numbers in standard 
references where procedi^es can be 
V-^founrd to ijieasur^rtiie 115 parameters 



This outline was prepared by A. p/ Kroner, 
Chemist, ISfationai Trainirig and Operational 
Technology Center, MOTD, OWPO, USEPA, 
dincinnati, Ohip 45268 " 



Descriptors : (Jhemicar analysis, chemical 
' guidelines, self-monitoring requirements, 
non-approVed analytical rftethods^ NPDES 
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RULES ^ND ilEGULATIONS 



Title 40— Protection of Environment 
CHAPTER I— ENVIRONMENTAL 
PROTECTION AGENCY 
Subchapter £x~water programs 

(PRL 630-41 

TART 136— GUIDELINES ESTABLISHING 
lEST PROCEDURES FOR THE ANALYSIS 
OF POLLUTANTS t 

Amendment of Regulations- 

Oil June 9, 1975. proposed amend^ients 
to the Qim^llnes il&tahliiiiiing Test Pro- 
cedurec* for^^ AiuUysjs of Pollutants 
<40 CPR 136) wbre published in the Fed- 
eral Register (-^p^FR 24535) as required 
by section 303ig) of the Federal Water 
Pdhition Control Act Amendments of 
1972 (86 Stat. 816. efe^eq., Pub. L. 92-500. 
ip72> hereinafter.ref erred to as the Act. 

Se/:tion 304ig> of the Act requy-es that 
the Administrator shall promulgate 
guidelines establishing test procedures 
for the analysis of pollutants that ^hall 
ni elude factors which must be provided 
m: (4) any certification pursuant to sec-) 
tion 401 of the Act, or <2> any permit ap- 
plication pursuant to section 402 of the 
Act. ^ch test procedures are to be used 
by permit applicants to demonstrate that 
effluent discharges meet applicable pol- 
lutant discharge lUnitations and by the 
States and other enforcement activities 
in routine or random monitoring of ef- 
fluents to verify compliance jvitli pollu- 
tion control measures. 

Interested persojis were requested to- 
submit written comments, suggestions, or 
— objectfons to the proposed amendnjents 
by September 7. 1975. One hundred and 
thirty-five letters were received from 
commenters. The following categories of 
organizations werfe represented by the 
comrhcnters: Federal agwcie^ accounted 
forHwenty-four responses; State agen- 
cies accounted for twenty-six response^: 
local agencies accounted for seventeen 
respoi)ses: regulated major dischargers 
accounted for forty-seven responses; 
trade and professional organizations ac- 
-coun^ for eight "feponses; analytical 
instrument manufacturers and. ve$idors 
accounted for seven responses? ^nd an- 
alytical service laboratories accounted 
for six responses. 

All comments w&re carefully evaluated 
by a technical reView committee. Bas^ 
upon the review-of comm6nts, the follow- 
ing principal changes to the. proposed 
amendments were made: * . 

' A > Definitions. Section 130.^ has been 
amended to update references. Twenty 
commenters,' representing the entire 
spectrum of Responding groups pointed 
out that the* references cited In §§ 136.2 
tf», 136.2 (g>, and 136.2(h) were out-of- 
flfit^l §5 136.2(f>. 136.2(g) ,^d 136.2(h). 
respectively, have been amended to shQ.w 
the following editions of the standanj 
references: "14th Edition ot .Standard 
Methods for the Examination of ,Water 
and Waste Water;" "1974 EPA Manual 
of Methods for the Analysis of Water and 
Waste; ' and "Part 31. 1975 Annual Book 
of ASTM^Standafds." 

(B) IdentificdtiorvjyJ Test Procedures. 
Both the content and format of S 136.3. 
-"•'table I. List of -Approved Test Proce- 



dures" iidve^Jaeen revised in response to 
tM^^y-oW comments refcelved from 
Svive andXocal governments, major regu- 
la^ dts^ch^rgers, professional and trade 
aSBocl&tions; and analytical laboratories. 
Table I has been revised by: 

(1) The addition of a fourWi* column 
of references which* includes procedures 
of the United Slates Geological Survey 
which are equivalent to previously ap- 
proved methods. 

(2) The addition of a fifth column of 
mii>cellaneous references to procedures 
which are equivalent to previously ap- 
proved methods. 

{2} Listing geuerlcally related paramr 
eterb alphabetlc(jll> wltliin four subcate- 
gories, bacteria, metals, radiologic^ andv 
residue, and by listing Uies^ subc^fegory 
headmgs in alphabetic sequence rel- 
ative to the remaining parameters.' 

14 J Deleting the paranieter "Alglcldes" 
and by entenng jtlie single relevant* algl- 
clde, ' Pentachlorophenol" by !its chemi- 
cal name. 

iC> Clarification of Test Parameters, 
The . conditions Jpr anaIys^s of several 
parametei^s hajpfceen more specifically 
define^ as a rdfult uf comments received 
by the Agency : 

(1) In respon.^e to five comme|iters 
representing State or local gov^rmnents^ 
major dischargers, or analytical instru- 
ment manufacturers', the end-point for 
.thi alkalinity determination is specifl-' 
cally designated as pH 4.5. 

(2) Manual digestion and distillation 
are still required as neces-sary prelimi- 
nary steps for the KJeldahl nitrogen pro- 
cedure. Analysis after suchr distillation 
may be by Nessler color comparison, 
titration, electrode, or aUtoinated pheno- 
late procedures. 

(3) r In response to eight commuters 
representative of Federal and State gov- 
ernments, major dischargers, and anv 
lytlcal instrument manufacturers, man- 

. ual distillation at pH 9.5 is now 6i>ecifiecr 
for ammonia measurement. 

(D) New Parameters and Analytical 
Procedures, Forty-four new parameters 
have been added to Table I. In addition 
to the designation of analytical proce- 
dures for these new parameters, the fol- 
lowing modifications have been made In 
analytical procedures designated In re- 
sponse to comments* 

(1) 1:he ortho-tplldine procedure was 
. not* approved for the measurement of 
Vresldual chlorine because of Its poot ac- 
curacy and precision. Its approval had 
been requested by seven commenters rep- 
resenting major dischargers. State, or 
local governments, and analytical Instru- 
ment manufacturers Instead/ th^ N.N- 
diethyl-p-phenylenedlaniine ^DPD) 
method is approved as an interim pro- 
cedure pending more Intensive laboratory 
testing. It has many of the. advantages 
of the ortho-tolidine procedure such ad 
low cost, ease of operation, and also is of 
acceptable precision and accuracy. 

(2) The Environmental Protection 
Agency concurred with the American Dye 
Manufacturers' .request to approve its 
procedlirc for measurement of color, and 
copies of the procedure are now available 
at the Environmental Monitoring and 



Support Laboratoiy, Cincinnati (EMSL- 
Ci; 

(3) In response to Uiree requests from 
Federal. State goveirnpents, and dis- 
chargers, ."hardness." may be measured 
as the sum of calcium and magnesium 
analyzed by atomic absorption and ex- 
pressed as their carbonates. 

(4) The proposal to limit measure- 
ment of fecal conform bacteria in "the 
presence of clilpllne to only tlie "'Most 
Probable Number" fMPN) procedure has 
been withdrawn In response to requests 
from ^orty-five commeriters Includinq; 
State pollution control agencies, permit 
holders, analysts, treatment plant op- 
etators, and a manufacturer of analyt- 
ical supplies Th^ membrane filter (MP) 
procedure will continue to be an np- 
proved technique for the rqutlhe meas- 
urement of fecal colifiorm in the pre- 
sence' of chlorine. However,, the MPN 
procedure must be u5cd to resold con- 
troversial situations, The technique 
selected by ^he analyst must be "reported' 
with the data. * *^ 

(b) A total of fifteen "oljject ions, re- 
presenting the entire spectrum '6f com- 
menters, addressed the drying tempera- 
tures used for measurement of residues 
The use of different temperatures In dry- 
ing of total residue, dissolved resld^je and 
suspended residue was cited as not allow- 
ing direct Intercomparablllty bet)freen 
these measurements. Because the intent 
of designating the,three separate residue 
parameters is to measure separate w^ste 
, characteristics (low drying temperatures 
to measure volatile substances, high dry- 
ing teftiperatures to measure anhydrous^ 
inorganic substances), the difference In 
drying, temperatures for these" residue 
parameters musji be preserved. 

(E) Deletion of j^easurevient Tech- 
niques. Somp m«isurement techniques 
tiiat had been proposed have beenide- 
leted in response to objections raised 
dtuing theTPublJc comment period. 

(1) The proposed infrared spec- 
trophotonfltrlc analysis for oil and « 
grease has been withdrawn. Eleven com- 
menters representing Federal or State 
agencies and major dischargers claimed 
that 41ife parameter Is defined^ by the , 
measiSement procedure. Any alteration 
In the procedure would change the^J^f- 
Ini^on of the parameter. The Environ- 
mental Protecjbion Agency agreed, 

(2) The proposed separabe parameter 
for sulfide at concentrajlOns below 1 
mg/1, has been withdrawn. Methylene 
blue spectrophotometry is now Included 
In Table I as an approved procedure for 
sulfide analysis. The tltdme trie •iodine 
procedure for sulfide analysis may only 
be used for analysis of sulfide at concen- 
trations Jb excess of one milligram per 
liter 

(F) Sample Preservation and Jloldir^g 
TimcA. Criteria foi^ cample preservation 
anTTTJample holding times were requested 
by seveSl commenters. Thq reference for 
sample preservation and holding time 
criteria applicable to the Table I param- 
eters is given In footnote (1) of Table X, 

(G) , Alternate Test Procedures. Com- 
ments pfertalnlng to 9 136.4. AppllcatjoiT 
for Alternate Test Procedures, included 
objections to various obstacles within 
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these ^procedures for expeditious ap- 
proval of alternate test procedures. Pour 
analytical instrument maiiufacturcrs 
commented that by limiting of applica- 
tion for review and, or approval of alter- 
nate test procedures to NPDES permit 
holders. 5 136.4 became an impediment to 
the commercial developm'ent of pew or 
improved measurement devices based on 
new measijrement principles. Applica- 
tions for such review and/or approval 
win now be accepted from any person, 
The* Intent of the alternate tj&t pro- 
c^ure is to allow the use of measure- 
ment systems i^ich are known to be 
equivalent to the approved test pi-oce- 
dures in waste water dfscharges^^ 

Applicatipns for approval of alternate 
test procedures applicable to specific dis- 
charges will continue to be made onfy by 
WDES- permit holders, Und approval of 
^such applications will be. made on a 
case -by-case basis by the Regional Ad- 
ministrator in whose Region the dis- 
charge is made. • 

Applications for-a«3roval of alternate 
test procedures which) are Intended for 
nationwide use can now be submitted by 
any person directly to the Director of the 
Environmental Monitoring and Support 
Laboratory In Cincinnati. Such applica- 
tions shoxild Indude a complete methods 
write-up, any literature references, com- 
pa^ab^Jlty data between the proposed al- 
ternate test procedure and those already 
approved by the Administrator, Tlie ap- 
plication should include precision and 
accuracy data of 'the proposed alternate 
test procedure and data confirming the 
general applicability of the test proce- 
dure to the industrial categories of waste 
water for which It is Intended. The Di- 
rector of the Environmental Monitoring 
and Support Laboratory, after review of 
submitted Information, will recommend 
approval or rejection of the application 
to the Administrator, or he will return 
the application to the applicant for more 
information. Approval or rejection of ap- ^ 
plications for test procedures intended!' 
for nationwide use will be made by^e 
Administrator, af£er considering the rec- 
ommendation made by the Director of 
the Environmental Monitoring and Sup- 
port Laboratory, Cincinnati. Since, the ^ 
Agency considers these ^procedures for 
approval bf alternate test procedures for 
nationwide use ttf be Interiitt procedures^ 
we will welcome suggestions for criteria 
for approval of alternate test procedures 
for nationwide use. Interested persons ^ 
should submit their ^tten comments In 
triplicate^ on or before June 1, 1917 to: 
Dr. Robert B. Medz. Environmental Pro- 
tection Technqlogist, Monitoring Quality 
Assurance Standardization, Office oV 
Jkfonltorlng and Technical Support (R^ 
680) , Environmental Protection Agency. 
Washington. D,C. 20460. 
' , <H) Freedom of Information. A copy 
of all public comments, an analysis by * 
parameter of those comments, ancf 'docu- 
ments providing further information on 
the'Vationale for the changes made in 
the final regulation are available for 
inspection and copying at the Environ- 
mental Protection Agency Public Infor- 
mation Referencp' Unit, Room 2022, 



Waterside MaU, ^01 M Street. SW., 
Washington. D.C. 20460. during normal 
business hours. Hie EPA Informatipn 
reguUitlon 40 CFR 2 provides that a rea- 
sonable fee may be charged for copying 
stich documents. ^ 

Effective date; These amendments be- 
come effective on April 1, 1977. . 

Dated: November 19, 1976. 

John Quarles. 
^ ActiTig Administrator, 
Environmental Protection Aaency. . 

Chapter I, Subchapter D, of Title 40, 
Code of Federal Regulations is amended 
asf611o\^s: 

1. Ill § 136.2, paragraphs <f), <g), and 
<h) axe amended to read as follows: 

§ 136.2 Defttiirioii^. 

• # • • 

V V 

^f> "Standard Methods" means iStand- • 
crd Methods foHthe Examination of 
Water and Waste Water, 14th Edition, 
1979. This publication ^is available from 
' thfe American Public Health Association, 
1015 18th Street, N.W.. Washington, D.C. 
2003^ 



National Env^onniental Research Cen- 
ter, Cincinnati, Ohio 45268; tJ.S. Envi- 
ronmenlal Protection Agency, Office of 
Technology Transfer, Industrial Envi- 
ronmental Research Laboratory, Cincin- 
nati, Ohio 45268. Thjs publication Is 
available* from the Office of Technology 
Transfer. * 

2. In 'S 136.3. \the second sentence of 
paragraph (b) Is amended, and a new 
paragraph (c) Is added to read as fol;;^ 
lows : 

§^6.3 ' IdenliHratioii of tcM proccdun-K. 
• • • • • * 

(W • • • Under such circumstances, 
additional tesft procedures for analysis 
of pollutants ^ay be specified; by the 
'Regional Adiiilplstrator or the Director 
upon the recommendation of the Direc- 
tor of the-Environmental Monitoring and 
SuppoH Laboratory. Cincinnati. 

<c) Under certain circumstances, the 
Administrator may approve, upon rec- 
ommendation by the Director, Environ- 
mental Monitoring and Support Labora- 
tory, Cincinnati, additional alternate test 
procedures for nationwide use. 

3. Table I of S 136.3 is revised by listing 



(g) '*ASTM" means Annual Book' of the parameters alphabeUcally: by adding 
__ _ _^ . j^g^ parameters; by adding a fourth 

coljimn under references listing equiva- 
lent United States Geologfcal Survey 
methods: by adding a fifth column under 
references listing miscellaneous equivfi- 
lent methods: by deleting footnotes 1 
through 7 and adding 24 new footnotes. 
,to read as follows: 



Standards, Part 31, Water, 1975. This 
publication is available from' the Ameri- 
can Society for Testing and Materials. 
1916 Race Street, Philadelphia, Pennsyl- 
•vanla 19103. . 

(h> "EPA Methods" means Methods 
^for Chemical Analysis Water and 
Waste, 1974^ Methods Developftient and 
Quality Assurance Besearch Laboratory;- 



Table I. — List cf approved test ^^edurvs^ 



Pmnif'tt'ir'atid units 



EPA 
methods 



iith «d. (pace not.) other 

lUndftrd ftpprovM 

BMthods Ft 31 VBQ8 methods 
W74 methods * -p- 



A8TM 



lt.Arldltn M C»C0», MflU- 
framt per^itef , 

2. AUftUnltr. u CftCO *, nillK 
, crftms pciT liter. / 

3t Amnionia (aj N). iulBl(r«i&i 
^ l^rMter. * 



BACTERIA 

*4. Colltorm (fecal)*, namber prf 

S^^llform (fcyail) " In pr«sf n^e , 
of chlorine, number per 100 
ml. 

Conform (totaDj* number per 
^\ lOOniL 

7. CollfMm (total)* Inp/eaenee 
. of (Chlorine, number p«r 100 
ml. ' 
Fecftl streptococci,* number 
pexlOOXni. 

9. Benzldinf,niinHrrtJB$ per liter, 
la Biocl^xnical ozyten denuui(I. 

5^ (BODiX miUiirams per 
• liter. ; 

11. BroinIdf,niimfr»msperliter.. 

12. Chemic&l ' ozycen dero«nd 
*» (COD),nii]lfgrAmsperli(ert, 

13. Cliloride,ninUKr*ms per liter.: 



KkctroDoetrlc ehd point 
■ <pH «f S.2) or ph«>nol< 
n^i^pbUMkln end ptint. 
SMetr<mtrie titration 
(Mdy to pH 4.6) luonual 
or MaAomated, of aquita- 
lent autonated methods.* 

Han'oal dleUnatUm « (at pH . 
9.6) followed by neflueri. 
taiiom, ' tltralMo, alec- 
trode. Automated pbe- 
Qokta. ^ 



1 273(4d) 11^ 



40 



'(007) 
•(«?) 



150- 

m 



' 410; 

' 412 



237 



no 



•(014) 



MPN;<3mMul.ran^ filler. . 
.do •».. ' ... 

..-.do.».^ 

MPN;» membrana dlitt \ 
wlthenrWmienU^ 

MPN,« membrane filter; . 
pbte count. 



OxMation—colorlmetrk • 

Winkler (Atide modlllt^ 

tioD).<ir electrode znethod 

Titrimetrie,loaine-Ipda(e... 14 
DichromatMVnux..^ 20 

Silver nitraU; mtfeork ni^ V.'.'.'.V.'".' 
traitor aatomatadeolorl- 20 
metrie-ferricyanide. 31 



922 . . 
t37 .. 
022 .. 
020,037 .. 

010 .. 
028^. 

033 . . 

♦a „ 

M4 _ 
047 



M45). 



'v?88)::i:::..:::: 



»<60). 



M3 



'(50). 



MP 



MH 
•13 . 



323 50 

472 124 . 1(610) 
»<17) 



, 267 , 
M6 . 



**fM46). 



ffiDinot*^** ar ^md of table. 
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tULES AND REGUUTIONS 



Puimeter ftod uaits 



Pdiorcinocfl 

Method KFA Hiiird KV^rtA 

methods methodi Pttl U8Q8 aetboda 
ms m«tbod$< 
» ^ABTM 



Chlortnfti«(t ors«nle com- 
poottdt (except pesticides)* 
mUlirrtms per liter. 
. C*hloriae~totAlrc8idual,mlin- 
Brftm^Kr lller. 



Gas ehrouia(ogrflpl)y 



^6. Co\ox, plauniuu cobalt uiUU 
^ of dominant wtre leucth, 
hue, lumitutnoe. purity. , 
X:. Cyanide. total,<* inilil||Tain5 
per liter. . 



18. Cyanide tineiiable to clilorin- 
aUoo, milligrams per liter. 
DinolTed'oxycen. roliligran^s 
I»r liter. 
Ms PUioride, mllllcrains per liter 



11. Honlness— Total, as CaCOi. 
mill Igrdms pec li ter. 



21 Hydrocen ion (pU), pH units. 
». Kjaldalil lUtrocen (aa N), 
millifTams per liter. 



^ . MKTALS 

S4. AUuniuUtn— Total, mlUIcrams 
remitter. 

95. A1pmiAum'T>l'>issolTod, mlilP 
^; c grams per liter. 

M/ Antimony— Total, mililtrams 
pii^litar. 

' Jf. Antimony— DlsiOlTfd, mlili*-i 
grams per liter. 



lodometrlc titration, ampei- . 
ometrio or starcii-iodine 
end-point: DPD colorl- . 
metric or Tiirimetric . 
inetliods (these last 2 are 
Interim' methods pt>ndiiis 
^boratory testing). 

Ooloriniftrfc; spectronhoto- 
roeUic: or Al>Ml pro« 
oediire.w 

Distillation followed by 
iiilver nitrate titration or 
pyridine p>-Ta«>loue 4or 
barbitnric add) colorf 
inptric. 
.do . -' 

Winkler {K7Ulf> inodiOca- 
lion) or electrode metho<l. 

Distillation* followed by . 
lofi electrode: SPADNS; 
or autoiim(t>d.conipicxone. 

KDTA titration: auto- 
mated colorinietnc. or 
atomic absorption (sum 
of ,Ca and Mg as their 
respect i vtvcar u&natr») . 
Klf^trotnetrio meaMirenirnt . 
PIgeation and distillation 
foUowed by nei^slerlcatlon. 
titration, or . electrode; 
automated digestion auto* 
male^phenolate. ^ 



3S 



818 V 



278 , 



9j 



M 

66 



40 



SGI G(» 



»5 



40 




605 . 






61* 


443 


MS 


I'jtf ! 


K«00), 


66 • 


450 . 










3d9 








65 


391 


807 






50 


393 








61 










6» 


302 


161 


94 















17;: 

163 
182 



178 



120 
IS-J 



<(606) 
HM2) 



S8« Artenlfr-ToUttir 
periiter. 



min^rams 



Arsi&ie-^issolTed, milli- 
grams per liter. 

10. Barlura-ToUl, * -mlUigrams 
per liter. 

, 81. Barittm-l>lJSolTed, mjlll- 
grams per liter. * 

o * 

IS. Beryllium— ToUI. mUllgrams 
pcrUter. 

Vd nerylUnm— DIsiolTed, mlUi- 
giama per Wyif. 

14^ Boron— Tota), milligrams per 
iker. 

85. l(ofon-DUH6l?ed, mlUlgTams 
perliter. « ^ 

38. Cadmlnm--T«ui» milligrams 
perliter. 

17. Cadmlujti— Disaolred^ mlUi- 
grams per liter. ' 

18. Calcium— total, ' mlUIgrams 
perliter. „ * * . < 

1o. Cakhun-^DIaolted, xnUli- 
gra^ per liter. - 

ClimaitimVl.mUlignmuper 
^t«r. 

41. Chiomhim * VI^BIiiOlTed. 
mnilgrams per liter. 

iX Chrainlaro-Total,milllgnuns 
lyUlter. j . 

48. riiromium^Dhsolved, milli- 
grams per llt^. - 



AigesUon » followed by 
atomic absorption >* by» 
oolorimetri? (Kriocliromo 
CyanlneK). -.^ 
a45 micron nitration fol- 
lowedby referenced meth- 
ods for total uminum. 
nigesUon » followjcl by 

atomic absorption.)! v 
.a45 micron nitration "fol- 
lowed by referenced 
method for total antimony. 
Digestion followed by silver 
dietbyldlfhiocflrbamatt)^ 
or atomic absorption." « 
0,45 micron nitration " fol- 
lowed by Referenced 
methbd for total arsenic. 
Digestion » followed by 

atomlo absorption." 
0.45 micron nitration " fol* 
lowed by referenced 
' method for total bviunt. 
Digestion » followed by 



152 

m .... 



J9 



. colorlmetifc (AliDninon). 
0.45 mlcrorf filtration »» fol- 
lowed by referenced 
VMthod for total beryiUum. 

C^n>rimetrIo (Curcumin).... 

0.45 micron nitration « fol- 
lowed by reXerenc«(^ipfctli' 
'>od (or total boron. 
DigMtlonti followed by 

* -atomic absorption " or by 

oolorimetrio (Dithlcone). 

0.45 micron^flltration fol- 

^"i lowed b^ referenced meth- 
od for tJlaltcidmium. ^ 

nigesllon »• 1 tollo*e<»^by 

* atomic absorption: or 

^ EUTA tlthtt^on. 

0.45 micron nltiatlon " fol- 
lowed by referenced meth- 
od for total aadum. 

Extraction and atomlo ab* 
lorptlon: oolbrimetric (DI- 
phenylcarbailde). 

• 0v45 micron miration fol- 

lowed by referenced metli- 
od for cnromlom Vf. 

Digestion w • followed py 
atomic absorpilon." or by 

' eotorlmetric (DIphenyl* 
carbatide). \ 

a45 micron nitration fo|. 
lowed'by referenced ipetli- 
od for total chrotfolum. 





A-.. 






888 




- • 

88 


m 

v-188 


"(ii)-! 


VI 


152 


f 


c 

^ Of 

r 


ICS 

m 









18 


387 






148 

183 


845 ' •SS(618)i*(|7) 









108 



88. 105 , 



148 r M8 

t» , 



102 



75 . 



105 148 845 
183 388 



,78 ^ • <8l8r> 



/> 



8«e footnote at end of tabk. 
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RULES AND REGUMkTIONS 



7ftriuncter *nd units. 



Method 



SMthods aietbodi Ptn 0808 mJtbodi 

197S ]lMtbods> 
• A8T1C ' 



44. Cobtlt—l^oUl.mmiframsper Plgettion >* followed by 

Ut«r. atomic al>sorptIoiLta 

45.,CdUU— Dlssolted, XoUli- a45 micron filtntlont' fol- . 
CTtni5 per li trr. lowed by referenced xoetti* 

. * od for toUl cobMt. 

46. Copper— Total, ^ nillligrams |>jgeition » lollowcd by 
per liter. • atomic absorption or by . 

colortmetric .(Keoca- 
prolne). - 
0.15 micron flltratl^ ^ fol- . 
lowed by referenced metb* 
od for total copper. 
Digestion » followed by 



107 14B 946 80 »(I7) 



I Do 203 



mUIi- 



47. Copper -Dls50l?ed^ 
grams per liter. 

48. Gold— Total, miUieraiiis per 

liter. atomic absorption." 

49. Iridium— Total. mllUgrams Digestion U followed by . 

per liter. . atomic al>sorptionfi> 

50. Iron— Total, milllgranw per Digestion " followed by 
' liter. atomic alisorntion Or by 

f oolorimetrlc (rhenautliro- , 
line). « 

51. -Iron— Dissolvi^l, mnilgrams 045 micron nitration « fol- 
per liter. ... . . - 



110 



148 845' l}^ >(I19)[ 
W 



lowed by referenced motU- 
dtl for total iron. 
Digestion" foUoWnd by 
atomic ab<N>rption " or by 
oolorimetric (Dithicone). 
• 53. Lead— Dissolved, milligrams 0.45 micron nitration n foi- 
per liter. . .. ... 



52. L<Ad— Total, milligranis per 
liter. 



miUi- 



lowed by referehc»d meth- 
od for total lead. 
Digestion" followed by 
atomic absorption; or . 
gfavlmetrlc. 
0.45 mlc^n OUratton dol- 
lowed by referenced 
method for total niugne^ 
simn. ^ 
pigesfion " followed by 
atomic absorption >* or by , 
oolorimeti:}c U'ersuUate or 
perlodate). V 
57. Man^nese-DiMolved mllU- ^0.45 micron filtration fol- 
.gn^nis per liter. lowed by referenced 

method for total niknga- 

£IL Mercury— Tofal« 'mlUiframs l^lamelcw atomic absorp* 

per liter. 
59. Mercur/— DissolTed, mUll' 
grnn5per*llter. 



54. Magnesium— Total, 
grams per liter. > 



55. Mtffnesium— nissolred mnil- 
grams per liter. 



SO. Manganese -Total mlhigrai 
per liter. » 



112 



!l4 




148 / 845 ^ IW « (619)- 





148 845 100 1(619) 

221 



118 148, 845 HI 

mar'. .i.^.' 



^ 10, MolytMlenum- Total, 

grams^pery liter. 
61. Molybdenum— Dlssol red, 
mllUgrams i^lr liter. 



62, Nlckel-Tolui; *^ 
l)er liter. 

68. Nlckel-DlssQlTtd, 
grams per liter. 



tlon. 

,0.45, micron nitration (fal- 
lowed by referenced 
method for total mercury, 
niilll- Digestion" followed by 
atomic absorption." 
0.45 micron nitration " fol* 
lowed by referenced 
method for total molybde- 
i ' num.- 

mJUIgranu Ulgeetloii^' ' followed ' by 
■» atomic abebrptloh" or by 
oolorimetric (Heptoxlme). 
mUll- ' 0v45 lalcron. nitration »'t<A- 
- lowed by- referenced 
method for total nickel. 
il'Osmlunw-Total, liiUllgrams Digestion " followed by 

per liter. . - atomic abeorption." . 

66. Palladiam«>Total, miillcrams' Dlgeetion " followed by 
perJIteri atomic absorption." 

66. PlaliQiunv-Total, miU^ratss Dlgeetion^* foHowed by 

per liter. atomic absorption." 

67. I^otttwlnm- Total, niiUtgrams Digestion " followed br 

pe^41(er. aton^Ic absorption, colon- 

metric (Cobaltlnltrite).or 
by flame photometric 
10. Potassium— DIssolred. railU- -•0.45 micron nitration fol- 
. srams per liter. ^ lowed by referenced me tU* 

- ' » of for total potassium, 

.69. Rlipdium— Total, miillgrams Digestion " followed by 
per liter.. ^ . atomic altsoriitlon." 

70. Kutbenlum— Total, milli- Digestion " followed by 

4Cr«nu per liter. atomic abAorptlon.1* 

71. j8elitalum— Total. miUlgranu Digestion" followed, by 
? per liter. atomic alMorption." 

73. Selenlnm— Dtaolred, milll- 0.45* micron nitration " fol- 
^rama per .liter. ' lowedby referenced meth- 

od for tot*l selenium. 
78^ Bllica-Diiaoltf d, nillligrtms 0.45 micron flitrailon" fol 
. per llt*r. ' -^..^-..^..-i. 



118 IM, 886 M(G1). 



189^. 



' 1« 84S 115 



74. SllTer— Total." 

per liter. 

75. 8UTer^DI«6lTed,« 

(rams per liter. 

76. Sodium— Total, 
I («r liter. 

77. Sodlmn^-DteMlred. 

grams per liter; 



lowed by oolorl metric 
(Molybdoslllcate). . 
milligrams Digestion " ' followed by 
atomic al>sorptioa " or by 
* . fiplortmetrio (Dlthifone)^ 
mllU' OM micron flltn^tlon » ibi- 
lowed by referenced meth- 
od f6r total surer, 
milligrams Digestion!* 'ibllowed by 
atomic absorption- or; by 
name photometric*' '^, 
mini- 0.45 micron flltrattoii " fol* 
lowed by referenced metb* 
od for total sodltitu. • * 





885 . 


1... 


" iM •.mi 




J84 


m 




















145, 


150 . 






* * 









* 274 


467 


806 






148 ... 




lit «(6iDiK67) * 





147 . 



2S6 



la •<6ii). 



86e footi^oteaa^f nd>r tublf 
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tULES AND REGULATIONS 



Pann»ettr «nd uniU 



1974 14th r<]. (pacojioit.) OtIhT 

XlcthiiU 'Ki'A sUntUrU f • amirovwl 

nicthvis m«th(HJs Vt.4 UR<JS mrlhods 



TlH»Uu»"-TouiJ, xxUlligraJws DiRivsUou w .followfd by 
jttT hwr. aloiiiic a!i5ori»Up«.«» • 

73. ThHmiiiii— nL<««>lv<^l,^ nillU- -0.45 rnliron flUniUon fol- .... 
craMis" IHT Ul»r. , UiljCrd hy nfrroiicrd Jtif th- 

ml fnrt«>l4lthiUUUm. 

50, Thi-Totiil, isnnitfrunis |ht DiK'»stlaji^» followed by 

Iiirr. . • nlomhj alKy>r|iliou.*» 

51. Tin— Hlsswlvi-*!, TillUrroins OiS mirrou tUlrallon*? fol- . 

iirrJiliT. ^ luwrdliy'r\'fnrriio»'diMrth: 

^ * fxl for lot:»l tin. ♦ 

tZ TiUnUim- ru»..l, mTUij;r.mi& Ihui'jaloii >» fullowrd l«y 

IM lUer. % ttloiidf nliwpiion,'* 

83. Titiiiihim— lU'*oUitl, jjiilir- 0.4'» n>l»/on liltmiSofi" fol- . 
Kr«m> iM f Ul» r. lowW hv rrfi'ivi«*<*d tmth- 

04l for tiii.il litaiiiiitn. 
S4. V.madiiim— To|:d. inUHgrnus 11:r»«iIou '> followi-^l by 
ivrlli'T. Ht»>iiil»*rtl.«*Hptiou"orby . ^ 

4 nloriiiifUir 1 1 •nlHo arid). . 
M. Vnimdhiui- ni'!*:i.lM-*l; iiiiili- 0 45 mwron uUraihm" fol« ..> 
KrHiii> imr hi-r. 1i>m«-<1 lij i. f».ri iKtHnilriU- 

iMl f(M l<ll>jll V.llMilllim. 

Vi TotjJ. iHi»n;ram<i ]Hf Jhmslioti^^ foll.iwe"! by 
Uti^r. I utnmy dK^irptioii "or by 

((Iloibufirlr <l)U>iitoi)f>K 
Ziii(^l)iNM.l\i'l, niiUign»in> •Oi.'i niirmii iHiniHim fnl- . 
p«»r lilir. lowrd }»y r»fi'ri*n« »'l luitli- 

tHl for liiiitl nil'". 
J* Nor»N«'i«S ll:uram« I* r « ;\Oini»im Pdiiftum. Imi- 
jii,.|>, I inn ^iiiridi.; :i)iiom.«t''<t 

i' ' . iiilDiiiDn «ir hy>lr.i>iti<' rr- 

■ , dii.tlulO*' 
(»•.» N'llrvi.' ..^ S* i...lbKrum5 1)"' .M.i|iiMlitr.iiiioni.il«d«'nU)ri- 
lit,.r, iiwtrirt Ijt.aiiii'tuiou). ^ 

•*0. oil nnt\ cri i*.-. ♦D'H-KfanC' i-T U<|iinl-li'i'"d .'xlr4» Umu 



.149 . 



150 .... 



151 



::::t 



lU 



16$ 



345 



»» <67) . 



150 ><C19)»v5«) 



hti-r. 

iiuMijitrHi)!^ jM'r Hl*r. 



\Citli KM lilortMHlluuio* 
»iIiuiU'pr.i\;iii*'iri», 
f 'umttiLSt^tti)' liifturc^t 



irj. Oiiram<'hitruKnin.»».S>,nt»U- K^M.ihl minv.Ht nmaii 

sraiiuiprrhtpr. .imiiioni.i nUroKtn. 

!t3. I itlhi)|»lia<i»lmi«' -rt* I' t, imlU- M miwl «>r aut.mnuto'1'.u!* or- 

umm^ I>^r bur. i-l r*'ductioii. 

m lViUjulilnropb«*it'il, Juilli- br'Oii.iiOKrapnj 

nmm'K \ter 1II»t. « 

M. l''*stUMlrs. minit;r.itiis |>»r . 'hi" 

.6. rb.'UoVj, innilKraiH* \}tt Utrr.. Ctlorhii. tnf. »4.\AI'). ... 

97. rho5phorusteli im'nirtl),j>iJUi- <J.»»t l>r«on.«hij,'rHiiUy.«,. ..... 

r ranis ptr Ut«*r. 
Oft riinsphorus: tutal iui V), 



>rsjilf.>i.' tlijfcfciion, fol- 
Invited b> la.uniHl or auto- 
n>iit)-d w <»rlo.' Hi-id rMuo- 



201 

^ 197 - 
207 


i.23. 
f427 

ywo. 


* 

"358 


' ii9 


- > V--' 


215 


t 








2?/ 


( 515 








23(1 




4CT 


»(4) 




1T.\ 159 
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Vj. AH»b*--To»a). |»C I iH-r liu r. 



connb r. 
... do*. 



PnilMiriiuini) (inniter, 



100. Alpli»~f"«>unll»C frror, uCt 

|)«r liter. 

101. B«U-ToUl, pfl p«r Uler... 
10^. BvUi^Counth.gmor,pCtp<ir ... *Ut 

\Un. < • 

103. 'a) KadUnn-^Total, pCl p^r d.s 

IJtw. 

ih^ iHKft, i^'l p#*r lltrr.. .- ••v.>u'»»-»i»>-5 <iiiriur 

104. ToUI. millijiTaws p«r Ut^r ... ♦;ra\im4.ir|c. Uap) 105* C... 

105. TolAl dbBOlTfd ilHt«»hlf>, OUfts hl)«f hitmiMi* 180* C. 

TOniigraiiw ivsj'Ht^r. ^ ^, < . _ 

101 ToUl wp»»nde4 (nonflltff- «Ma.v< ni»rrbiiwti«n. 103 to 

abl*>, nmilitranw per Ut«r. la^^f. • 

107. S«'ttl(«blf, iiimnit<ini p«r lltur \uWni»'»rlc .rf firaHmi-irk 

or nillUKrAtiw per liter. _ 

108. Tot*l voUtik, uiiUlgrtras p^-r tiraviiuini. .>.i<r ' . 

l6f\ Spldric couducUiwf, micro-, ttb.Ht^tinii. tirMi;'- cHiduc- 
ndiofr per wnthuetor tt 25* .ii»i» irv . 

lia SuHak (a.-* .*^0,\ uiUHframt <;wvbn-trie; turbWimeiric; 

Iter liiiT. i)r«ui«)nmted ooloriiuetnc 377 

djftriuiucIUorannatc). 279 

111. SiJliiitf <a« JJ\ iiiiiiicramf i>er Titrlinetrio-l'iiHii* for 1«t* 2W 

Ht.f. cr»rt»ter tbau 1 xng per 

* lltth M»'tl^>iriie blue pbo- 

f* fometric. 

112. hulfltf i»si,b^;', mllUinuiis Thriuieiric, hxUuModate... • 285 

113. 8u^*um5, nilulfrtmM pet ColoriftKtrIc (Mnhylen* 157 

liter blue). 

114. TeniijeraturH, degrees C railhiratiid gU.** or electro- 

*^ . weulc tbentJometer. N 
116. Turbldity^NTU^..^. NepljHometric. a ^. »5 




508 435 

600 404 «<11) : 

125 "<ai) — 

1S2 221 156 



J Re«)mi»iri"Uilon}t for toplln* and pr.>j«er7ailoii of sample* »<»of?Unf to p*r»me ter xneMtiifd vofy ^Jg^Jjf^ 
••MethSb for c'S.V^^^ WM?r and Waste*, iW' U.U. Enrironraeitui Protection A|ency» UbM J, py. 

▼ill-lib • . 
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RULES AND REGULATIONS 
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> All iInEc ntiffiicca for l"s(iS inHliwU, uiilM* otiiwwise noled'tro U> Brown, B., 8»<>lWst»f W;,^,- »"? Fisli- 
man {JT '^MothoS^for Collection »nd Alab-sls of Waif r Samplts <*r Dlssol»6d Mlnwals and OMes," U.S. Ooologl- 

"1 &~»'ho5'S;^tS"fr d^n-lS^^^^^ Method, of Am>l,»l» of th. Association of 

°I^.^\rJffita1''^^»f"sM 

tosllow that tljlspreliuinimy dlstUlaiioii steiils not iiccc?sar>, howcVir, maiHirtl distillation will b« required to resolve 
auy coiUrovcfsiw. ' . , 
».n»e method us^ must be spcciruHl. ^ . ' ♦ ^ 

I Stock KiV.^andoUiS^'Mcthodsfor C'olUtI wu and Analysis of Aquatic BloloRtcal and Mlrcoblologlcal Samples: 
rS u<»Wlcal SurrpyTcchiUquwof Water. Kp»ure<sIuv.bo(rk5.cti.A4(lOT^^ , . , . . 

» Since the in*mbr«n» Alter technique usually yields low: and variable recovery from chlorinated wastewaters, the 
J^lpjvf method will be required to resolve any conlroverslcs. ' , ^ ^ , , i 

• Adequately tested methods for bejwtdlneare not available. Until approved metbods are available, the following 
i ntcriiu raetjiod can be used for the estlniafion of benridlne. (1 ) •'Method for Ueiuldine and Us SaOs In Wastewate rs," 
tvailahlo from F.uvlronmeutai Monitoring and Support Lalsoratory, U.S. Environmental Protoetlon Agency, Clu» 

^^VvAmericaSi^Juojial^tirtidardon I'liotographic Trc^sslng Emuents, Apr. 2, 1975. Available from ANSI, M30' 

^»msifii)a^'ftJ. J°and^ '1>elcclcd MithOiLs of tho U.S. Oeologicsti Survey for Anal>'sis of Waste- 

waters," (iy76) op«n«llle report 76-1?^ - • ^ ,€...,,« 1 I J « ' .1 t;> 

u Prpocdurcs for pontachlorophcuol. cbloi raated»organic compounds ,aiKl pesticides can be obtained from the En- 
' vironnfentat Mon i tort ng and Support Lbaoratory, U.S. KnvijroumoQtaM>roteclIon Auency, ( incilinall, Ohlo«2fl8 

« Color method lAi>MI procedure) avaUat>le from Kiivironmcnlal Monitoring and Support Lbaoratory, U.S. 
Envlromnental ProteclJon Agency. QB^clnnatl. Oblo <S268, T, . . ^ *, j: *i . i * 

«• ^tr samples suspected of navuig Ihlocyajiate Interference* jnagucsium chloride is tued as tuo olgesuon catalyst 
In the approved test iJrdCedure for cyanides, the recommended catalysts are replaced with 20 ml of a solution of 510 pA 
niacnesium Chlortde (MgCh-CIljO). This substituUou will eliminate tlilecyanato iitterferenco for both total c>onide 
and cyanide amendable to shlorluatlon measurements. . , / , , . 

For the determination of total nietols the sample is not filtered before processim;. Because vigorous digestion 
procedures may nrfult in a loss of certain metals through preclptation. a loss vigorous treatment is ^econunendcd as 
given on p. 83 (4.1.4) of "Methods for ChomI«i^niUysis of Woter and Wastes" (1974). In tltose instances where a 
moro vigorous diijestlor) Is desired tho procediiro on p, 82 IA.\.%) should bo followed. For tho measuroinont of tho noblo 
metal series (gold, iridium, osmium, palladium, plutlmum. riiodlum and rutheniuml, an aqua regie digestion Is to be 
substituted as follows Transfer a representltivo aliquot of the well«mlxed sample to a Uritlln beaker and add 3 nd 
of concentmted redistilled HNO> Piaco the bealter on a steam bath and evaporate to dryness Cool the beaker and 
cautiously add a 5 ml portion of aqua rti?ia. (Aqua,;egia^ls prepared immediately before use by carefuHy adding 3 
volumes of concentrated HCJ to one voluJneoftpncentroted HNOi.) Cover the beaker with a watch glass and return 
to tiie steam bath. Continue heating the coveroft'beaW*'r for 50 min Remove cover and ovaporuto to dryness. Cool 
and Vale up the residue in a small quantity of 1 1 IICI Wash down the beaker walls and wutch glass With distilled 
' water and filler the sample to remove silicate? and other Insoluble material tiiat could clog tho atomiser Adjust the 
volni e to some predetermined value iMXsed on the existed metal tonceffltotion Tlu- sample is now ready for anabsls. 

» As the various furnace devices (flameless AA)^ essentially /#oiiii«. Tiby»rptIon techniques, they are considered 
to he approved test methods. Methods of standard addition ore to l#f9llo\ved ns noted in p. 78 of "Methods for ^liem» 
leal Anali-sis of Water andWastes," 1974. . M 

1' Dissolved metals are deAucd as those constltntcnls which will pass Itioitcli a 0.45 pni nigP)nme Alter A pre- 
flUratlon Is permissible to free the sample from larger suspended soflils Filter the sample fts soon as practical 
after collection ustrig the first 50to 100 ml to rinse the filter ;iask. iGtoor plastic fllteriiuc appanitits are recommended 
to avoid pOKible contamination .> Discard the portion used to rinse tly flaSk and collect the required volume of 
Oltrate, Acidify the Altrate with 1.1 redistilled HNOi to a pll of U. Normally. 3 ml of i^lj aeid per liter should bo 
sufficient to preserve the sampleSr . ' . , , 

See "Atomic Absorption Ne^^sletter," vol. 13, 75 Available from Vorlln-El^ier Corp., Mailt Ave , Norwalk, 
Conn. 06853. 

>• Method available from Environmental Monitoring nud .Support Laboratory. U.S. Environmental Trotectlon 
Agency, CinchmatI, Ohio 45268. ^ ^ f 

^ Recommended methods for the an&ly.Hi5 of sliver in Indiustrtal wastewaters at concentratiim!) of 1 mg/l and 
ai>ovo are inadequate where silver exists as an inorganic halide. Silver Imiides such as the bromide and chloride 
are relatively iivv)luble in reagents sitch as nitric acid but are readily ^luble tn an aqueous btifTcr of sodium thio* 
sulfate and sodium hjvdroxlde to a pH of 12. Therefore, for level* of silver above 1 mg/l 20 ml of sample should bo 
diluted to 100 ml by adding 40 mi each of 2M NatS^O^ and 2M NaOH. Standards should be prepared In the same 
manner. For levels of silver below 1 mg/l the recommended method is satisfactory. 

» An automated hydrazine reduction method is available from the Environinent;ii Monltortiig and Support 
Laboratory, U.S. Environmental Protection Agency. Cincinnati, Ohio 45268, . 

n A mimber of such systenj? ;nanufttctured by varlptis companies are considered lo l»e coihporahle in Iheir pcr> 
formance. In addition, another technique, baseu on combustlon-mothano detection is also aooeptable. 

« Goerhtt, 1)., Brown, E.. "Methods for Analysis of Organic Substances ju Water". p. tJeologicaj.Survejr Tech- 
niques of Water-Resources Inv., l)oolc 5, eh. A3 (1972). > 

2< R. F. Addison and R. G. Ackman, ^'Direct Dotermlnation of RlemcntaJ Vhosphorns h> G.is Liquid Chroma 
tography." "Journal of Chromatography,'* vol. 47, No. 3, pp. 421-420, 1*J70. • 

u The method found on p. 75 i&easu'res only tho dissolved porUon ^\lutc titc nutiiotl uu p. 78 nieasnrcti only sii.v- 
pended. Therefore, the 2 results must be added together to obtain "total." 
« Steveiw, H. II., Flcke^ J. K., and Smoot, O'. F.. "Water Tcmperattire^Innnentiai Factors, Field Mi*ft?nn-iMei|i 
" ' " . - . . . ^ ^Techniques of Watei ResouKTs Inv,, l>ook I aOT.jj " 



and Data Presoniation. 1 ,3. Cieologlcal Survey ; 

4. 'In 9136.4, the 'second sentence of 
paragraph, (c) is amended by deleting 
the word "subchapter" Immediately fol- 
lowing the phrase "procedure under this" 
and Immediately ' pi-ecedlng the word 
"shall" and replaced with the phrase 
"paragraph c;'' and $ 136.4 Is amended 
by adding- a new paragraph (ti) to read 
4 as follows: 

1.^6.4^ .Applicutioti for altonuito 10.^1 
* procodiiro$. • , 



* Any application for an alter- 



nate t^t procedure under this paragraph 
(c) shall: • ^ • * 

(d> An appllcatloQ for approval of an 
alternate test procedure for nationwide 
use may be, made by letter In triplicate 
to the Director, Kniiironmentftl Monitor- 
ing and Support Laboratory, Cincinnatl» 
Ohio 45268. Any application for an alter- 



nate test procedure under this paragraph 
(d^ 'Shall: 

(1) Provide the name and address of 
the responsible person or firm making 
the application. ^ 

(2) Identify the pollutant(s) or pa- 
rameter (s) for which nationwide ap- 
'^roval of an alternate testing t>rocedure 
is being requested. / 

(3) Provide a detailed description of 
the proposed alternate procedure, to- 
gether with references to publishe^l ot* 
6ther studies confirming the general ap- 
plicability of the alternate test procedure 
to the polltitant^s) or parameter (s) in 
waste water tlischarges from representa- 
tive and specified i;idustriaj or other 
categories. 

(4) Provide comparability data for the 
performance of the proposed alternate 
test procedure compared to the perform- 
^ncc/of ,the approved test procedures. 



§ 136.5 [Amended] 

5. In i 136.5, paragraph (a) is amended 
by inserting the phrase "proposed by the 
responsible person or firm making the 
discharge", immediately after the words 
"test procedure*' and before the period 
that ends thc^ paragraph. 

6. In 1 136.5, paragraph (b) is amended 
by inserting In the first sentence &e 
phrase "proposed by the responsible per- 
son or fii;m making the discharge" im.- 
medlately after the words "such applica- 
tion" and immediately before the comma. 
The second sentence of paragraph (b> 
Is amended by deleting the phrase 
"Methods Development and Quality As- 
surance Research Laboratory" immedi- 
ately after the phrase "State Permit 
Program and to the blrector of the" at 
the end of the sentence, and inserting in 
Its place the phrase "Environmental 
Monitoring and Support Laboratory, 
Cincinnati." 

7. In § 136.5, paragraph Xc) Is amended 
by inserting the phrase 'Jproposed by the 
responsible person or firm making the 
discharge*' Immediately after the phrase 
"application for an alternate test pro- 
cedure" and immediately before the 
comma: knd by deleting the phrase 
"Methods Development and Quality As- 
surance Laboratory" Immediately after 
the phrase "application to the Director 
of the" and immediately befor.e the 
phrase "fbr review and recommenda- 
tion" and insertilpg in its place the phrase 
"Environmental Monitoring and Support 
Laboratory, Cincinnati." 

8. In § 136.5, the first sentente of para- 
graph td) is amended by Inserting the 
phrase, "proposed by the responsible 
person or firm making the discharge," 
Immediately after the phrase, "applica- 
tion fpr an alternate test procedure," 
and immediately before the comma. 

The second sentence of paragraph <d/ 
is amended by delating the phrase, 
"Methods •Development and Quality As- 
'surance Research Laboratory," inmledi- 
ately after the phrase, ';to the Regional 
Administrator by the Dilrector of the," 
.and. immediately preceding the period 
ending the sentence and Inserting in its 
place (he phrase, "Environmetital-Moni- 
t^ring 'and Support Labi:^tatory, ^ Cin- 
cinnati." '^^^..-^^r^ 

The third sentence of paragraph (d) 
is amended by deleting the phrase. 
"Methods Development and Quality As- 
surance Res6ai*ch Laboratory," immedi- 
ately after the phrase, "forwarded to the 
Director.^ and immediately before 'the 
second comma and by inserting in lt9 
place the phrase, "Environmental Moni- 
toring and Support Laboratory, Cln- 
jHsinnatl." 

9. Section 136.5 is 'amended by the 
addition' of a new paragraph (e) to read 
as follows: " « . 
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^RULES AND' RBGUUTIONS 
5 136.5 'Approval <if «!tcrii«to tetit pro^ " 

• . • • 

(e) Within ninety ^ys the. receipt 
, t)y the Director of the Knvlronmental 
Monitoring and Support Laboratory, 
Cincinnati of an application for an 
alternate test proceduije for nationwide 
use,' the Director of the Environmental * 
Monitoring and Support Laboratory, 
Cincinnati shall notlfyrthe applicant of 
his recommendation to the Adminis- 
trator to approve or reject the applica- 
tion, or shaU specify addiUonal informa- 
tion which is required to determine 
whether to approve the proposed test 
procedure. After such notification, an 
alternate method determined by the Ad- 
ministrator to satisfy th^e applicable re- 
Quirements of this part shall be approved 
f 01^ nationwide use to satisfy the requlre- 
mept^s of thls,subchapter; alternate test 
procedures; determined by the Adminis** 
trator not to m^t the applicable require- ' 
mtnta of this part shall be ^ejected, 
Nouce of these determinations shall be 
submitted i^r publication in the Fiboeral 
Register not' later than 15 days after ' 
sucl| notiflcSltion. and determination is , 
made. ' ' ^ 

* IFRDoc.76-^508a Piled U-30-76;8:45 ami 
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BAj^TEf^OliOGICAL INDICATORS OF WATER POLLUTION 
^ . Parti, G^eral Concepts ~" 



I INTRODUCIJQN 

A Bacterial -Indication of Pollution 



1 In the broadebt sense/ a bacterial , 
indicator of pollution is any Organism 

^tvwhich, by its.presence^, wbuW ^ismohi^ 
strate that pollution hks occurred, and 
often suggest the source of the pollution. 

2 In a more restrictive sense, bacterial 
indicators of pollution are associated, 
primarily with demonstration of con- 
tamination of water, originating*from 

^ excreta of warm *-blooded' animals 
. ^ixtpluding man, domestic and wild , 
animals, and bipcis), » 

Implicationd of Pollution of Intestinal 
Origin . • * , ' " \ 

Intestinal wastes from wapn -blooded 
animsQs ^^egularly include a wide 
variety ofg'enera- and species of ^ 
bacterisl. Among these the coliform 
group may be listed, and species of 
the genjera Streptococcus , Lactobacillus, 
Staphylo coccus , , Proteus^ Pseudomonajs^ 
certain spores-forming bacteria, and 
others, • , 

2 In addition, many kinSs of pathogenic 

^ 'bacteria and other microorganisms 
may be reles^ged in wastes ott an inter- 
.»mittent basis, varyihg witlK^he geo- 
graphic area, state of community 
^ ^ health^, nature and degree of ' wa'ste 
•''^t^atment, and other factors. These > 
may include the following: 

. a Bacteria: Species of Salmonella, 
Shigella, Leptospira, Brucella, 
My coba cte r ium, . and Vibrio 7 <;omiha , 



b Viruses: A wide variety, inclifding 
that of infectious hepatitis,. Po^o- 
viruses, Coxsackievirus; ECHO, 
viruses (enteric cytopathogenic 
human orphan "viruses in search 
o^ a disease"), and unspecified 
viruses postulated to a^coimt for 
outbreaks of diarrheal and upper 
' respiratory diseases of unknown 
etiology, apparently infective by* 
the water-borne route. 

•c Protozoa: gndamoeba histolytica 

As' routinety practiced, bacterial 
evidence of water pollution is a test 
for the"^resence and numbers of 
bacteria in wastes which, by their 
presence, indicate that intestinal 
pollution has occurred. In this con- , 
text, indicator groups discussed in 
subsequent parts of this outline are 
as follows: 

a Coliform group and certain sub- • 
. "groupings % 



^ Fecal streptococci and certain 
subgroupings 

c Miscellaneous indicatora of water* 
qU^ity . ' . . I 

4 Evidence, of water contamination by 
intestinal wastes* of warm-blooded ' 
animals is regarded as evidence of 
health hazar^^the water being tested. 



n PROPJlRTI^lpF AN IDEA L INDICATOR 
OF POLLUTE • • \ 

A An "ideal" bacterial indicator of pollution 



should: 



applicable in all types of water 
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* Bacteriological Indlcat6rs of Water Pollution 




• 2 Always be present in water*when 
patfiogeniQ bacterial constituents o£ 
fecal contamination are present, 
, Ramifications of this include 

a Its density shotald have some direct 
^relationship to the degree of fecal 
c " pollution, / 

b it should have greater Survival time 
•in « water, than enteric pathogens, 
throughout its course of natural 
^ \ * disappearance from the water body. 
It should disappear rapidly f ron^ 
.water following the di^appes^^rarice 
' of pathoger^s, either through natural 
or man-made processes,* 
It always should be absent in a 
bacteriologically safe water, 

> 

Lend itself to routine quantitative^ 
testing procedures without' interference 
* or confusiDJi of results due to ^xtra- 
^ heous bacteria ' , 

•'In 

4 Be liarmless to nian an^ other animals 

• B In all probabiHty, an^^^-f^eal!' bacterial 
indicator does not exist; The discussion 
of bacte^riai indicaidrs of pollution 1ft the 
■ following parts of this outline ihclude 
consideration of the merits an^Hmitations 
of each group, with their applljC^ons in, 
evaluati ng b^ terjal quality of -water. . 

ni .APPLICATIONS OF TESTS JOR 
. POIsbUTION INDIC/^TORS 

.. • ' N ■■ ' % • 

A Tests for Compliance -with Bacterial 
Water '<5uality Standards ' . 

1 Potabiiity tests on drinking water to 
meet Interstate Quai*antihe or other, 
standards of regiilatory agencies. 

% ^ Determination of bacterial quality of 
environmental.Water for which quality 
standards may exist> such as'lshellfish 
. ^waters, recreational waters, water 
' . ' _ resources for municipal or'dflier 
^ , supplies. . ♦ \ 



3 Tests for compliance .with established " 
standards in cases involving the jJ^o- , 
tection or prosecution of municipalities, 
industries, etc, ^ / ^ 

B Treatment Plant Process Control . - 

1 Water treatment plants 

'2 Wastewater treatment plants * 

C -Water Quality and Pollutant Sou:?ce Monitoring 

1 Determination of intestinal pollution 
in surface, water to determine type and 
extent of treatment required for com- ' . 
pliance with standards 

2 Tracing sr^ces of pollution 

3 Determinat»n of effects on bacterial 
^ flora, due toStddition of organic or 

i other wastes 

D Special Studies, such as 
♦ «. 

i. Tracing sources of intestinal pathogens - 
in epid^miological^investigations . 

^ 2 Investigations of problexps due to the . 
Sphaerotilus group ^ 

3 Investigations of bacterial' interference 
to certain industrifid processes, -with 
respeqf to sudi organisms as Pgeudo - 
monas, A chromobacter, or others 



fV - SANITARY SURVEY - ^ , 

The laboratory bacteriologist is not alone In 
evaluat^pn of indication of water pollution of 
intestinal origin. ^Onrsite study (Sanitary 
Survey) of the aquatic environment and 
. adjacent areas, by a qualified person, is a 
necessary collateral study with the Ifidsoratory 
work and frecjuently will reveal information 
re^r ding, potential bactetiplogical hazard 
which may or may not be demonstrated 
through laboratory findings f^om a single , 
sample or short series of samples. * . ^ ^ 
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Part 2^ The Collform Group and Its Constituents 



I ORIGINS AND DEFINITION 



J, 



, Back^oxmd . " 

M In 1885,. Escherich, a pioneer bacteri- 
ologist, recovered certain bjicterid from 
human feces, which he found in such 
numbers and consistency as 'to l^ad him 
to term these organismi^' 'Hhfe charac- 
' vterist^c orgahism of himiah feces. " 

. He named these 6rganisms Bacterium 
coli - commxme and jB. l»ctis aerogenes . • 
• In 1895, aSiother bacteriologist, 
Miflula,* renamed B; coll commxme as 
• V Escherichia coll, which todaj^ is the 
official name for the type species. 

Later work has substantiated mjich of 
the original concept^of Escherich, but 
has showhJthat the 'above species Sire v 
in fact a heterogeneous complex of 
bacterial species and species variants. ^ 

a This heterogeneous group occuirs not 
•only in human feces but r^resentatives 
also are to be foimd in many environ** 
mental media, including sewage; n 
surfac#fre6hwaters of all categories, 
in and on soils; vegetation, etc. 

',b' The,groiq) may be subdivided ^to 

various categories on the ba6is of . . ; 
•numerous biochemicsfl and other . 
differentia;! tests that may be applied. - 



B Composition o\ the Cbliform Group 

1 Curntnt definition. 

* \ As defined in "Standard Methods for the 
Exaniination of Water and Wastewater" 
(14th ed): "The coliform group- ijicludfes 
all of the aerobic and facultative 
anaerobic, Gram-negatfve,' nonspore- 
forming rod* shaped bacteria which 
ferment lactose with ^s formation ^ 
within 48 hours at 35o C. " ^ > . 



2^ The term '-^coliforms" or ^'coliform 
group" is an inclusive one, including 
the fbllowing bacteria which may 
meet the definition above: 

a Escherichia coli; ^B^^ aurescens, ^ ^ 
. E. freundii, E. ^ iiii^rmedia ^ 

. b Enterobacter aerogenes, E. cloacae ' 

' c biochemical intermediates between 
the genera Escherichia andEntero^ 
bacter ' ^ 

3 Th^e is no provision in the definition 
of coliform bacteria for "atypical" or 
""aberc^t" coliform strains, 
•a An individual strain of any of th^ above 
I species may fail to meet one bf the 
\ criteria 6f the coliform group. 
' b Such ^ organism, by^&efinition, is 
not a meni^er of the cpllform group, , 
evexl though a taxonomic bacteriologist 
may be perfectly correct in classifying 
the strsdn in one of the sibove species. 

\ \:\ . ' 1 

SUBDIVISION OF COIIFO^RMS INTO 
"FECAL" AND "NONFECAL" ^ 
CATEGORIES 

A Need.,'^ 

Single '-test differentiations between 
coliforms of "fecal" origin and those of 
* "oonfecal" origin are based on the . » 
.assumption that typical E. coli ^and 
closed related strains^are of .fecal- 
origin while E. aerogenes and its close 
relatives are not of direct fecal origin; j 

;1 (The latter |assumption is not fully borne 
out by , investigations at;thi0 Center" 

— See Table. U IMViC Type —++).• A 
• number of single differential tests have 
be«i propoffed to differentiate between 
"fecal" arid "nonfecal" coliforms. 



Withoirt tttscusslon of their relative merits, 
" several may be cited here: v \ ^ 

B Types of Single-Test Differentiatfon ^ 

\ - Determination of gas ratio 

Fermentation' of glucose by E* coll 
jresiilts in ^s production, with ^ 
hydrogen and carbon dioxide being 
produced in equal amounts. 
Fermentation of glucose by E , 
,aero genes results in generation of 
twice as much carbon dioxide as 
hydrogen. 

Further studies suggested absolute 
correlation between Hg/COg ratios 
and the termi^ pH resulting from 
glucose fermentation. This led to the 
substitution of the methyl red test. 

2 Methyl red test *- ' ^ 

Glucose fermentation by E. coli , 
typically r*esults in a culture meditmi 
having terminal pH in the range 4.2- 
'4.6 (red color a^^pqsitive test with the 
addition of methJ^J rei^ indicator*). 
• E . aerogenes typ'idally resulfs in' -a 
• cultxire medium having pH 5. .6 or 
greater (yellow color, a negative test). 

. 3 Indole ^ . 

When tryptophane, an am'ino acid, is 
incorporated in a nutrient broth, 
typical E. colt strains are capable of 
producing indole (positive test) Ssibng 
the end products, wliereas E . aerogenes 
doeis not (negative test). • ^ , 

' In Reviewing technical literatiu^e, the . 
worker s^hoi^ld be alert to thfe* method 
use^ to detect, iridole formation, aa the 
results may be .greatly influenced by 
the analytical procedure. 

4 Voges^Proskaufer test (acetylmethyl 
carbinol test) 

The test is for detection of dcetylmethyl 
carbinol, a derivative of 2, 3, butylene- 



glycol,/ as a resVilt ^f glucose 
fermentation in the'presence of 
peptone, B^. aerogenes produces 
this endpg^uct (positive test) 
wh^»6ffS^7 coli gives a negative test. 

• • 
a, , Experience with coliform cultures 
* giving a positive test has shown a 
• loss of this ability ,with storage on 
laboratory media for 6 months to 
2i years, in 20 -»25% of cultures ^ 
(105 out of 458 cultures). , 

b Some workers consider that all 

coliform bacteria produce acetyl-^ 
J methyl ca*rbinol in glucose metab- 
olism. These workers; regard 
acetylmethyj carbinol-negative 
cultures as those which h§ve 
ens&yme systems capable of further 
degradation of acetylmethy} 
carbinol to other end products 
which do not give a positive test 
with the analytical procedure'. 
Culture^ giving a positive test for ' 
acetylmethyl carbinol lack this 
' enzyme system. 

' * • 

c This .reasoning leads to a'l^ypothesis 
(not experimentally provep) that th^ 
change of reaction noted in certain^ 
- ;^ 'cultures in 4. a above is^due,to the * 

. activation of a latent enzyme system . 

5 Citrate utilization 

> Cxiltures of E. coli are unable to use 
the carbon ofi^citratea (negative test) 
, in their ixi^^oJisJh, whereas cultures 

of E^. aerogenes are capable of using 
^ thp carbon of citrates in their metab- 
olism (positive test). 

Some workers (using Simmons' Citrate 
•Agar) incorpor.ate a pH indicator 
(brom thymol blue) in the culture 
meditun in order to demonstrate the ^ 
typical alkaline reaction (pH 8.4 - 9.0) 
T resulting with citrate utilization. ' 

6 -Elevated temperatiire (Eijkman) test 

a The test is based* on -evidence tha^t 
^ * E. coll and other coliforms of fecal 
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origin are capable of growing and* 
fermenting carbohydrates (glucose 

* or lactose) at temperattir«e signif- . 
ican^- higher" than the body tem- 
peratiire of warm-blooded animals. 
Organisms not ^associated with-direct 
fecal origin would give a negative 
test result, through their inability 

\ ^ to grow at the elevated temperatxire. 

b While many media and techniques 
have been ppposed, EC Brot^, a , 
medium developed by Perry and 
Hajna, used as a confirmatfe'ry^ • \^ 
medium for 24 hours at 44. 5 t f 
»"^0t 2*C^are'the current standard - 

medium and method. 
' While the "EC" terminology' of the 
•medium suggests "E. coli" the 
Avorker should not regard thi^ as a' 
/ specific procedure for isolation of 
' E. coli. , ^ . . >s* 

C *A similar medium, iforic Acid 

* Lactose Broth, heis developed 

by Leyine and his associates^ This 
medium gives results virtually' 
identical with those obtained from 
ECsBroth, but requires 48 hours of 
incull^ation. 

d Elevated temperature tests require 
incubation in a water bath. Standard 
Methods 14th Ed. requi^'es this \ 
temperature to, be 44. 5 + 0. 2^. 
^ Various workers have^ urged use of 
temperatures ranging between - *. 
'43.^00' C and 46.00 0;/ Most of these 
recommendations have provided a 
tolei?toc,e of ± 0. 5o C frpm therrec- 
ommended levels. , How6veriv some 
workers, notably in the Shellfish . 
Program of the Puh)lic Health Sendee; ^ 
stipulate a tenipprature of 44. 5. 
0. 20p. This requires Use of^a water 
bath with forced circulation, to nfiiin-» 
tain this close tolerance. This 
tolerance range was instituted 
in the iSth Bdition of Standard Methods 
and the laboratory worker should 
. co^orm to these new limits* 



e The reHd|Dility of elevated temper- . 
' atwe tests is influenped By'the 

time required for the newly- 
> inoculated cxiltxires to reach the 
designated incubation temperaturje. 
..CriticaLworkers insist on place- 
ment of the cultwe/s in the water 
.bath within 30 minutes, 6it mo^i, 
after inoculation;'** • ' ' " ^ 

//J Other tests 

.^Numerous other tests, for differentiation 
^etween.coliforms of fdcal vs. nonfecal ^ 
origin have been proposed.. Current 
studies suggest Jittle promise for the^v. 
following tests in, this application: 
uric acid test, cellobiose fermentation, 
; gelatin liqulf action, production of 
. hydrogen ,sulfide, sucrose fermentation, 
and'Sthers, 



C IMViC Classification 



1 In 193,8, Parr repqrtjed on a^ review of 
"a literature^ survey pn biochemical tests 
u^edto differentiate between coliforma 
of fecal vs. nonfecal origih. A simimary 
ifollows: * * ' ^ 



* Test ^v' 


No. of times 
used H r (|f- 
ferehtiatiOT 


Voges-Prosftauer ' . 


. 22 


reaction 




Methyl red test 


20 


Citrate utilization 


'20 


Indole test 




Uric*ac;id test - . ^ > - -^^7 




Cellobiose iemientation 


. . -4 


Gelatin liquefaction 




^Eijkmantest k 


V 

2 


Hydrogen siilfide ^ . 




r V^o^^otion 




Sucrose fermentatjlon 




,a-Methyl-d-glucoside f 


1 



fermentation 
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2 B&sed on this siinunary and on his own ^ 
studies. Parr recommended utilization 
of a combination of tests, the indole, 
methyl red; Voges-Proskauer, and the, 
citrate utilization tests for this differ- • 
entiation. This series of reactions is 
designated by the mnemonic 'iMViC^Jj; 
Using this scheme, any coliform cuRure 
can be described by an *'lMViC Code" 
according tp the reactions for each 
culture. Thus, a typical culture of 

• E, coli would have a code -H---, ^nd a 
^ typical E . aerogenps culture would 
have a code 

3 Groupings of colifprms into fecal, ^ 
-non- fecal, and inte;:mediSte groups, ^ ^ 

aashown'in "Standard Methods for the - 
- Examination of Water and Wastewater" ^ 
are shown at the -bottom of this page. 

D Need for Study of Multiple Cultures ' ^ 

All the systems us^d for differentiation > 
between coliforms of fecal ys. those of 
' * nonfecal origin requii-e isolation and study' 
of numerous puB| cultures. Many workers 
prefer to-studylR least lOja, cloture s* from 
^ — any-envirpnmental source before attempting 
" to cat^^orize thfe probable source of the 
conform?. ^^"^^ . • 



^^in^ NATURAL DISTRIBUTION'OF COLIFORM^ 
^ <^ ' BACTERIA 

' A Sources of Background Information 

, Details of the'voflumSous^BaCkground of 
technical inJor.itmtion on coliform bacteria 
recovered -fj^.om one or more environ- 
mental m^dia are beyond the scope of ' 
this discussion; References of this 
outline are suggested routes of entry 
for wor^kers seeHing^o explore this 
topic. . ' 



B Studies dn Coliform Distribution 



Since 1960 num^erous workers 
have engaged in a continuing study bt ' 
the riSiturai distribution of coliform 
bactSria and an evaluation of pro- 
cedures for differentiation between 
conforms o| fecal vs. probable non- 
fecal origin. Results of this work 
have special significance because: 

a Rfgld xiniformity of laboratory 
methods tove ibeen applied through- 
' out the series of studies 
» 

* i 
b , Studies' are based on ms^^siye 

numbers .of cultures, f^r beyond 

, *any similai*"studies heretofore 

reported ^ - - ' 



^ INTERPBETATtON OF IMVIC REACTIONS 





brganism 


Indole 
ft — ^ 




0 

]?{^1StUer 


Citrate 




t " * t 

Escherichia coli -p 


+ ^ - 


+ 








Citrobacter freundli , 








+ 




Klebsiella«*Enterobacter group 


+ Or - 
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c A wider variety of environmental and 
biological sources are being studied 
than in any previous series of reports. 

d All studies are based on freshly ' 
recovered pur« culture isolates 
from the designated sources. 

e All studies 'are ba^ed on cultures 
reciovered from th6 widest feasible 

, geographic range, cbllected at all 
seasons of the^year, 

2 Distribution of coliform types 

Table 1 shows the consolidated results 
of coliform distributions from various 
biological and environmental sources. 

' a The- results of ^se studies show a 
^ hi^ order of correlation between ' 
„ Jfflown or probable fecal origitu* and 
the typical E. coU IMViC code 
(•H — 'J. On the other hand, ^ 
human feces also irl eludes u 
numbers of JS . aerogenes and other 
IMViC types, which some regard as 
"nonfecal" segments of the coliform 
group. (Figure 1) 

1? The majority of coliforms attributable • 
to excretal origin tend to be limited 
to a relatively small number of *the 
possible IMViC codes; on the other 
hand,* coliform bacteria recovered* 
from imdistiyrbed soil, vegetation,, - 
.'atoigsect life represent a wider 
raike of IMViC codes than fecal 
soiurces, without c War dominftncc? of 
any one* type. (Figure 2) 

c The most prominant IMViC code^ ^ * 
from nonfecal sources is the inter- 
mediate type, -+-+, which accounts 
for almost half the coliform-cultures — - 
recovere'3 from soils, and a |iigh , 
percentage of those recovered from 
* ^ vegetation and froni insects. It 
would appear that if any coliform 
segment^oul4be termed a "soil 
• 'type" tt would be IMVit code -+r+. 



d It should not be surprising that 
' cultures of typical E. coU are 
recovered in relatively smaller J 
numbers from source s*^udged, ^ 
on the basis of sanitary survey, 
to be unpolluted. There is no 
^ kno^Vn way to exclude the influence 
of limited fecal pollution from small 
animals andl)irds iii suc^ environ- 
ments. 

e The distribution of. coliform types 
from hmnan sources should he 
regarded as a rei^resentative value 
for large numbers of sources. 
• Investigations have shown that therp 
can be large differences in»the 
distri'feution of IMViC types from 
per soil to person, or even from an 
indiVipual. ' * 

Differentiation between coliforms of ' 
fgcal vfi. nonfecal origin 

Table 2 is a summary of findings 
based on a number of different criteria 
for differentiating between coliforms . 
of fecal origin and thos6 from other ^ 
sources. 

a IMViC type is a measurement 
5." CQ^^f Variety f, and. appears 
/ to give reasonably good' correlation 
-between known or highly probable 
. fecal origin and doubtful fecal origin. 

c 

b The combination of IMViC types, 
++:.^ and-+— , gives 

improved identification qf probable 

^ fecal origin, and appears also to 
exclude mdst of the coliforms not ' 
found in excreta of \yarm-blooded 
aillmals in large numbers. 

'^'^ ^ 

c Wh il e the in d o ler-methyl-re d, — - 
Voges Proskauer, -and citrate 
utilization tj^sts, each used alone, 
appear to give useful ccnswers when - 
^plied only to samples 6*f known 
pollution from fecal sources, the 
intejT)ret9.^ion»is not as SJeajAhen 
applied to coliforms from sources 
believed to*be reniote from direct 
fecal pcOluf ion. * 
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^Table 1- COLIFORM DISTRIBUTION BY IMViC TYPES AND ELEV^ATED TEMPERATURE 
TEST FROM ENVIRONMENTAL AND BIOLOGICAL SOURCES 













Soil 


Fecal sources 






Vegetauon 


insecis 

\ 


UndisturBed 


Polluted 


Hum 


an 




took 






•>^IMViC , ' 
_type 1 


No, ' 
storains 


% of 
total 


NQ-r---*^, 

strains 


of . 
_^ 70 01 

total 


wo. 
strains 


70 01 

total 


Mo ! 
strains! 


<7« of 
total 


No. 

0 VX cxiiia 


^% of 
totfll 


No. 


%of 
.total 


No. 

<?trains 


% of 
total 


^ -1- - • 


128 


10. 6 


134 


12. 4 


13^1 


5. 0 


1 


OU. 0 


3932 


87.2 ' 


,2237' 


95. 6 


1857 


97. & 





237 


19. 7 


113 


10. 4 


443 


1 Q Q 

lo. 0 


1 1 

f 


9 n 


.245 


5.4 


0 


<0. 1 


1 


6. 1 




23 


1. 9 


0 . 


<0. 1 


n 0 
- • 0 


t 

0. 6 


1 1 


n 9 


99 


2. 2 


14 


b.6 


20 


1.1 


*^ 

_|. 1 |._ 


2 


0. 2 


n i 
0 


<0. 1 ^ 


*7 
1 


U. 0 


1 

u 


1 


106 


2.4 


. -59 


2.5 


0 


<0. i 




-468 


14. 0 


332 


30. D 


1101 


Att. 1 
40. 1 


R7 
0 I 


1 ^ n * 




1. 1 


1 


<0. 1 


5 


0,3 


4-1^4- ' 

*^ i 


1 16 


9. 6 


Ho 


lU. 9 


87 


Q 7 


99 




35 


0. 8 


27 


1.2 


11 


0.6 




32 


2. 7 ^ 


0 0 
28 


0 c 


1 Q1 


7 7 


a 


^u. # 


21 


0,5 


0 


<0. 1 


0 


<0. L 


, 1 1 1 1' 


291 


24, 2 


254 


^O. 4 




^ D . 0 


n 


<0. 1 








<0. 1 


0 


<0. 1 I 




88 


7. 3 




4, ^ 


D # 


9 Q 


n 

V 




14 ' 


0.2 


0 


<0. 1 


0 


j • 




0*7 

P 


f . ^ 


AO 




*t 


n 9 


1 


0. 2 


. 2 


<0, 1 


0 


<0. 1 


0 , 

< 


1 <0. 1 

I 




5 


0. 4 


0 


<0.'l 


\ 


<0. L 


0 


<0. 1 


0 


<0. 1 . 


0 


<0. 1 


0 


<0. 1 




19 


1. 6^ 


- 0 


<0. 1 


53 


2. 3 


0 


<0. 1 


0 


<0. I 


0* 

» 


<0. 1 

4 


A 


^ A 1 
<0. 1 






0. 2 


0 


<0. 1^ 


6 


0. 3 


0 


<:o. 1 


0 


<0. 1 


0 


<0. 1 


"0 


<o. i 


+— + 




\o. 4 


8 


0.7 


0 


<0. 1 


0 


<0.'l 


0 


<0. 1 


0 


<0.' 1 


q 


<o. 1 


H , 




^0. 1 


9 ^ 


0.8 


* 0 


<0. 1 


0 


<o. 1 


2 


<0..1 


0 

• 


<0. 1 


2 ' 


<o. 1 


Total , 


1203 




1084 




2348 




665 




4512 




2339 




1896 




No. EC + 


169* 




162* 




216 




- 551 




4349 




2309 




1765 




% Ed +. 


14.1* 


1 


14. 9* 




9.2 




82.9 




96.4 




. 98.7 




"•93.0 





♦120 of these 
were 
15 — ++, 
11 



*129 of these 
were ++ — , 
27 -+-+, 
5 ■M-+ 



V 



Bacteriological Indicators of Water Pollution 



^ -■ 




HUMAN 
EC ® 96.4 
BAtB® 94.7 



tlVfSTOCK 
eC^987 
BAtB® 98.6* 



SUMMARY 


Type 


Percenf positive 


f + — 


9IJ 


— 




f 







2.8 




96.3 




^ 95.3 



EC ® 93.0 
BAIB 0 92.5 




FIGURE I 



COLIFORMS 
67 'Soil Samples 

(oejdit'ioh. el. 




.1 +-^++ 1 / , 

I ^^/i Undisturbed 
Soil . 




Polluted 
Soil - 



FIGURE 2 
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t«Mp 2 COMPARISON OF COUFORM STRAINS ISOLATED- FROM WARM-BLOODED ANIMAL 
iicS FROM UNPOLLUTED SOILS AND POLLUTED .SOtL? WITH USE OF THE 
^KfkEACTIONS AND THE ELEVATED TEMPERATURE TEST IN EC MEDIUM 
AT>iA.5° C ( + 0.50) (12th ed. 1965; Standard Methods for the Examination of Water 
and Wastewater) • . . 



Test 


Warm-blooded 
animal ffeces 


Soil: 
Unpojluteci 


Soil: 
Polluted 


Vege- 
tation 


Insects 


1 

+ + • - 


» 01*0/0 


5. 6% 


80. 6% 


10.6% 


12. 4% 


+ and, 


'/ 

yo. 070 


Ot ^ /o 


80. 7% ' 


12. 5% 


13.2% 


Indole positive 


94.0% 


19. 4% . 


82. 7% 


52. 5% 


52.4% 


M^thyl--«^d positive 


96,9% 


75. 6% 


97.9% ' 


63. 6% 


79. 9% 


. Voges-Proskauer positive 


5. 1% 


40, 7% 


97. 3^0 


56. 3% 


40. 6% 


j s„ 

' Citrate' utilizers 


3. 6% 


88.2% 


19.2% 


85. 1% 


, 86. 7% 


[ Elevated temperature (EfC). 
1 positive . / 


96.4% 


* g!'2% 


82. 9% 


14. 1% 


14. 9% 


1 Number of cultures 
1 studied 


— y 

747 


2, 348 ' 


* 

665 


1,203 


1,084 



Total Pure Cultures Studied: 14,047 



The elevated temperature test gives , 
excellent correlation with samples 
of known or highly probable fecal 
origin. The presence^ of smaller, 
but demonstrable, percentages of 
such organisms in environmental ^ 
sources not interpreted as being, 
polluted could be attributed largely 
to the warm-blooded yrildlife in the 
area, including birds, rodents, and 
other- smaH^mammals. 

The elevated temperature test yields 
resxijts equaX to 'those obtain.ed from ' 
the total IMViC code. It has marked 
advantages in speed, ease and 
simp^city of perfprmance, and yields^ - 
quantitative results for each water 
siimple. Therefore, it is ^ 
the officii standard method for 
differentiation coliforms of ^ 
probable direct fecal origin from those 
which may have become established 
in the bacterial flora of the aquatic 
or terrestrial habitat. 



IV EVALUATION OF COLIFORMS AS 
POLLUTION INDICATORS 

A The Coliform Group as a Whole 

1 Merits y ^ * 

a* The absencie of coliform bacteria is 
evidence *of a bacteriologically safe 
wat^. f 
* * « 

b The density of coliforms is roughly 
proportional to the amount of 
excretal pollution present. 

c If pathogenic bacteria of intestinal 
^ origin are present, coliform 

bacteria also are present, in much 
greater numbers. 

* , d Coliforms are always present in the 
intestines of humans and other warm 
blooded animals, and are eliminated 
^ in large numbers in fecal wastes. 
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e Coliforms are more persistent in 
the aquSatic environment than are^ 
pathogenic bacteria of intestinal ^ 
origin. 

/ • • ^ 
f Coliforms ar^ generally hartnless- . 
to humans and can be determined 
' quantitatively by routine laboratory 
procedures, 

2 LimitationQ 

a Some of the constituents of the 

coliibrm group have a wide environ-* 
mental distribution in addition to 
their occurrence in the intestines 
of warm-blooded animals/ 

\ 

- / b Some strains of the coliform group 
may multiply in certain polluted 
waters < "aftergrowth"), of hi^ 
. nutritive values thereby adding to 
the difficulty of evaluating a pollution 
situation in the aquatic environment. 
Members of the E. aerogenes section 
of the coliform are commonly 
involved in this kind of problem. 

c Because of occasional aftergrowth 
problems, the ag^ of the pollution 
^ may be difficult to evaluate under 
, some circumstances. 

d Tests for coliforms are subject tp - 
interferences due to other kinds ot 
bacteria. False negative results 
sometimes occur when species of 
• * Pseudomonas are present. . False 
positive results sometimes occur . 
when two or more ldnds. of non- 
qolifof*ms produce gas from lactose, 
when neither can do so alone ^- 
(syner^sm). ^ 
» 

B The ^ecal^llform Component of the 
Coliform Group (as' determined by elevated 
temperature test) 

1 Merits 

• » 
a The majority (over 95% of the coli- 
form bacteria from intestines 
warmr blooded animals grow .at the 
elevated temperature, ' 



b These orfpnisms are of relatively 
infrequent occurren<ie except in 
association with fecal pollution^^/ 

c Survival of the fecal coliform group 
is shorter in environm^tal waters 
than for the coliform group as 
whole. It follows, then, that high 
densities of fecal coliforms is 
indicative of relatively recent 
pollution. 

d Fecal coliforms generally do not 
multiply oqtside the intestines of 
warm-blooded animals. In certain 
high- carbohydrate wastes, such as 
from the sugar beet refineries, 
exceptions have been noted. 

In some wastes, notably those from . 
pulp and paper mills, Klebsiella has 
be^n found in large numbers 
utilizing the elevated temperature 
test. There has been much contro- 
versy about whether the occurrence 
of Klebsiella is due to aftergrowth 
due to soluble carbohydrates in such 

*«^wastes. The significance of 

Klebsiella as an indicator of djlrect 
dischat'ge of intestinal wastes thus 
is under> challenge. The issue is 
still further" complicated by questions 
over whether Klebsiella is in and of 
itself a pathogenic organism or is 
potentially pathogenic^ This is a 
serious problem which is the subject 

. of intensive research Efforts. 



2 limitations 

a Feces from warm-blooded animals 
include some (thou^ proportionately 
low) numbers of coliformi? which do 
■ not yield a positive fecal coliform 
test when the elevated temperatwe 
test is used as the criterion of 
differentiation. These or^ani9nis 
are^. coli varieties by present 
* taxonomic classification^ 

•b There is at present no established 
and consistent correlation between 
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ratios o£ total coliformsV fetal 
conforms in* interpreting sanitary 
quality of environmental waters. 

domestic sewage, the fecal 
conform density commonly is 
. greater than 90% of the total 
coliform density. In environmental 
waters relatively free .from' re cent 
pollution, the fecal coliform density 
may range from 10-30% of the total 
^conforms. There are, however, 
too many variables relating to , 
water-bpme wastes atid surface 
water runoff to permit sweeping 
generalization on the numerical 
relationships between fecal- and 
total conforms. . 

c Studies have been made . ^ 

regarding the svirvival of fecal 
conforms in polluted waters 
compared with that of enteric 
pathogenic bacteria. In recent 
poUution stucjies/ species of 

• Salmonella have b^en Sound in the 
presence of 220 fecal collforms per 
100 ml (Spino), and'UO fecal • 
conforms per 100 ml (Brezenski, 
Raritan Bay Project). 

3 ^ The issue of the Klebsiella problem 
* described in an earner paragraph 
may xiltimately be resolved as a 
merit or as a nmitation of the value 
of the fecal coliform test. 



V APPLICATIONS OF COUFORM TESTS 
A Current Status in Official Tests 

1 The coliform gvo\xp is design|$jed, in 
"Standard MethQds for the Examination 
of Water and Wastewater" (14th ed*, 
1975), throughj^the Completed Test 
MPN procedure^as the official test 

. for bacteriological potability .of water . 



The Confirmed Test MPN procedure , ' 
is accepted where it has been demon? 
strated, through comparative tests^ 
to^yield resxilts equivalent to the 
Completed Test. The membrane filter 
thethod also is accepted for examination 
'of waters subject to interstate regxilation. 

2 The 12th edition of Standard Methods 
introduced a standard test for fecal 
coliform bacteria. It is emphasized 
that this is to be used in poUution 

V studies, and does not apply ^to the 
evalxiation of water for potabinty. 
This procedure has been continued in 
the 13t;^ and 14th Editions. 

B App!Lications 

1 Tests for the coliform group as a 
whole are'usedjn official tests to 
comply with interstate drinking water 
standards; state standards for sheU- 
fish wallers, and in most, if not aU, 
cases where bacterial standards of 
water quality have been estabnshed 
for such use as in recreational or 
bathing waters, water siippnes, or . 
industrial supplies. Laboratory ^ 
persoiinel should be aware of possible 
implementation of. tije fecal coliform 
group as the official test for* recreational 
and bathing waters. \„ 

2 The'fecal coliform test has appncatior\ 
in water queJlty surveys,^ as an adjunct 

, to determination of t^tal colifdrm 
density. The fecal/COliform test is 
being used incrisasingl^ in aH water 
quanty, surveys . 



It is emphasized^that no responsible 
worker advocates substitution of a . 
fecal collfopm test for total conforms 
in evaluating drinking water qtianty. 
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Part 3. The Fecal Streptococci 



I INTRODUCTION . 

Investigations regarding streptorcocci 
progressed from the streptococci of medical 
concern to those which were distributed in 
differing environmental conditions which^« 
again, related to the welfare of man. The 
streptococci were originally reported by Laws 
and Andrews (1894), and Houston U89 9, 1900) 
considered those streptococci, which we now 
call "fecal streptococci, " as . • • "indicative 
of dangerous pollution, since they are readily 
demonstrable in waters recently polluted^and 
seemingly altogether absent from waters above 
suspicion of contamination. 

From their discovery to the present time the 
fecal streptococci appear characteristic of 
fecal pollution, being consistently present in 
both the feces of all warm-blooded aninaals 
and in the environment associated with animal 
,discharges. As early as 1910 fecal strepto- q 
cocci were proposed as indicators to the , 
Metropolitan Water Board cf London. ^> ^ . 
However, little progress resulted in the ^ 
United States \mtil improv^ methods of * 
detection and enximeration appeared after — 
World War H. 

Renewed interest in the group a§^indicators 
began with the introduction of azide dextrose 
broth in 1950, (Mallmann-^ Seligmann, 1950). 
The method which is in the current edition \ 
of Standard Methods appeared soon after.- ^ 
(Litsky, et al.- 1955). 

With the advent of improved methip^s for 
detection and enumeration of fecal^rep-* 
tococcL significant body o^ technical 

^teratw^^^s appeared. 

*> ^ 

This outline will consider the findings of * 
^various investigators regarding the fecal^ 
streptococci and the significance of disctorges 
of these organisms into the aquatic environment. 



n FECAL MATERIALS 

A' 'I 

A Definition 



The* terms "enterococci," "fecal 
streptococci, " "Group D streptococci, " , 
"Streptococcus fecalis, " aixd even 
"streptococci" have been used in a loose 
and interchangeable manner to indicate 
the streptococci present in the enteric 
tract of warm-blooded animals or. of the 
fresh fecal material excreted therefrom. 

Enterococci are characterized by specific 
teixohomic biochemistry. Sotrdlogical 
procedures differentiate the Group D 
streptococci from the various groups. 
Although they overlap, the three groups, 
. fecal streptococcus, enterococcus; and 
Group D streptococcus, are not synonymous. 
> Beqause our emphasis is on indicators of 
unsanitary origin, fecal strei)tococcus is 
the more appropriate term and will include 
the enterococcus as well as other groups. 

Increasing attention is being -paid to certain ' 
streptococci found in humans and certain 
birds whic were, at one time, considered 
to be bio types of Str. faecalis or 
Str. faecium ancf therefore legitimate 
fecal^btreptococci. These are now con- 
sidered to be in a separate group in their ^ 
^gwn right, the Group Q streptococci. 

A rigid definition of the fecal streptococcus 
« group is not possible with our present 
knowledge. The British Ministry of Health 
(1956) defines the organisms as "Gram- 
positive" cocci^ generally occurring in 
pairs or short jshains, growing in th^ 
presence of bile salt, usually capable of 
development at 45° C, producing acid but 
not gas in mannitol and lactose, failing to 
attack raffinose,. failing to reduce nitrate 
to nitrite, producing acid in litmus milk 
and precipitating the casein in the form of ^ 
a loose, but solid curd, and exhibiting a 
, greater resistance to heat, to alkaline 
conditions and to high concentrations of 
s^t thaQ most vegetative bacteria. " 
However, it is pointed but Jhat "streptococci 
departing in ope or more particulars from 
the type species cannot be disregarded 
water. " 
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Standard Methods (14th ed.^ 1975) 
describes the fecal streptococci assure 
culture Elective medium organisms ^ 
;vhich are Catalase negative and capable - 
of o^riginating growth in BHI broth 
<45*'C. for 48 hours) and Bile broth 
medium (35^ C. for 3 days). 

For the proposes of this outline, and in line 
with the consensus of most'water micro- 
biologists in this cotmtry, the general 
definition of the fecal streptococci is; 

. . , "The group compose^ of Group Dand Q 
' ' species consistently present in 
significant numbers in fresh fecel 
excreta of warm-blooded aninfials, 
which includes all of the enterococcus 
'group in addition to other groups of 
streptococci. *' 

B Species Isolated 

1 Findings 

^ a Human feces 

Examination of human fecal specimens* 
yields a high percentage of the 
enterococcus group and usually 
demonstration of the S, saliyarius 
which^is generally considered a • 
member of the human throat flora 
and to be surviving in human fecal 
. ^ materials rather than actively 

multiplying in the enteric tract.. ' ^ 
/ Also present would be a small 
percentage of variants or biotypes 
of the enterococcus group. 

b Nonhuman ]^ces ^ 

1) Fecal material which are from 
nonhuman and not from fowl will 
yield high percentages of the 

S< bovis and/ or S. eqtiinus 
organisms with a concomitantly 
reduced percentage of the 
enterococcus group. 

2) Fowl excreta ^ 

* * 

Excrtment fr<4m fowl characterise 
ticaw yields a large percentage 
of enrerocpccal biotypes^ ^ 
(GrouAQ) as well as a. significant 



percental 
group. 

,2 Significance 



of enterococcus 



ni 



Species associations with particular 
animal hosts is an established fact and 
leads to the important laboratory 
technique of partition counting of colonies 
from the membrane filter or agai* ^ 
pour plates in order to establish or 

confirm the sourqe of excretal ^ 

pollution in certain aquatic investi- 
gations. 

.It is important to' realize that a suitable 
medium is nece&sajry in order to 
aiiow all of the streptococci which 
we considfer to be^cal streptococci 
to grow in order to give credence to 
the derived opinions. Use of liquid 
growth media into which direct 
-inoculations fronu the sample are I 
made have not proven to be successful 
for partition counting due to the dliffering 
growth rates of the various species of 
streptococci altering the original ' ' 
percentage relationships. Due to; the 
limited survival capabilities of some 
of the fecal streptococci it is necessary 
to sample fresh fecal material or water 
samples in close proximity to the 
pollution source especially when 
multiple sources are contributing^to a 
reach of w^ter. Aligo the pH range, 
must be within the range of 4. 0-9. 0. 

Standard, Methods <14th ed., 1975) now 
Includes a schematic allowing for the ' 
identification of fecal streptococci types 
present within a given sample. 

FECAL STREPTOCOCCI IN THE 
AQUATIC ENVIRONMENT 



A General , 

From the foregoing it is appear^ that 
the preponderant human fecal sireptococci 
are composed of the enterococcus group 
.and, as this is the case, seye^^al media are 
presently available which will detect only 
the enterococcal^roup will be suitable • 

ior use with aquatic samples which are 

known to be contaminate^ or potentially ' 
contaminated with purely domestic 
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(human) wastes. On the other hand, 
wh4n it is known or suspected that otfier- 
^ than-human wastes have potential egress 
to the aquatic environment under investi- 
gation, it is necessary to utilize those 
media which are capable' of quantitating 
the whole of the fecal streptpcocci group. 

# 

Stormwaters and Combined Sewers 

1 General ■ 

Storm sewers are a feeries of pipes • 
and conduits which receive surface 
' rimoffs from the action of rainstorms 
and do not include sewage which are 
borne by a system of sanitary sewers. ^ 
Combined sewers -receive both the storm 
nmoff and the water-borne 
wastes of the sanitary systeni. 
Both storm water and combined 
sewer flows have been found to 
usually contain large quantities of \ 
fecal streptococci in numbers which ^ 
generally are larger than those of 
the f^cal coliform indicator organisms. 

2 Bacteriological Findings J. 

Table 1 represents, in. a modified form, 
some of the findings of Geldreich and * 
Kenner (1969) with respect to the 
densities of fecal streptococci -when 
considering Domestic sewage in contrast 
to Stormwaters: 

The Ratio p\:/FS Is that of the 
Fecal coliform and F^cal streptococci 
and it will be noted that *in each case, 
. when considering the -Domestic 
Sewage^ it is 4. 0 or greater while 
itls less than 0.7#for stormwaters^ 
The use of this ratio' is Useful to 
identify the source of pollution as 
being human or nonhuman warm- 
blooded animal polluted. *When the ratio 
is greater than 4. 0 it is cmsidered to b^' 
human waste contaminate dN^hile a ratio 
of less than 0. 7 is considered to fie 
nonhoman. It is evident that the storm- 
waters have.been primarily pdllutedby 
excreta of rats 'and .other rodents and 
possibly domestic and/ or farm animals. 



Species differ^ces are the main cause 
of different fecai^ coliform- fecal 
streptococci ratios. I'able 2 compares 
fecal streptococcus and fecal cpliform • 
coimts for different species. Even 
though individuals vary widely, masses 
of individuals in a species have charac- 
teristic proportion of indicators. ' 

C Surface Waters 

In general, the occurrence o^fecal" 
streptococci indicates fecal pqllution and 
its absence indicates that littl^ or no 
warm-blooded fecal contribution. Jn 
studies of remote surface waters the fecaL . 
streptococci are infrequently isolated and 
occurrences of small numbers can be 
attributed to wild life and/ or snow melts 
and resultant drainage flows. 

Various e^camples of fecal streptococcal 
occurrences are shown in Table 3 in 
relation to surface waters of widely varying 
quality. (Geldreich and Kenner 1969) 



IV FECAL. STREPTOCOCar 
AND LIMITATIONS 

A General 



ADVANTAGES' 



Serious studies concerning the streptococci 
were institttted^hen it became c^parent 
that they were the agents respotisible or 
suspected for a wide variety of human 
diseases. Natural priority then focused 
itself to the taxonomy of these organisms 
and this study is still causing consternation 
as more and more microbiologiiiil techniques 
have been brought'to bear on these questions!, 
'*^he sanit£g:*y-niicrobiologist is' concerned 
with those streptococci which inhabit the - ^ 
enteric tracfct of warm-blooded animals, 
their detection,' and utilization in develop^ , 
ing a criterium for water quality standards. 
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Table 1 



Table. 3 



DISTI^EBUTION OF FECAL STREPTOCOCa 
IN DOMESTIC SEWAGES AND STORMWATER 
RUNOFFS 
Fepal Streptococci 

per 100 ml Ratio 
Water ;Source median valuers FC/FS 



Domestic Sewage 

Preston, ID 64, 000 

Fargo, ND 29.0, 000 

Moorehead, MN 330,^00 

Cineinnati, OH 2,470, 000 

Lawrence, MA 4,500, 000 

Monroe, MI 700, 000 

Denver, CO 2,900, 000 

Stormwater 

Business District 51, 000 

Residential 150, 000 

Rurdd 58, 000 



INDICATOR ORGANISMS IN SURFACE 
WATERS 

pities/ 100 ml 




Water Source 



Feca 

coMfor m 
— n 



Prairie Watersheds 

Cherry Creek, WY 90 

Saline River, KS 95 

Cub River, ID 110 

Clear Creek, CO 170, 

Recreational Waters 

' Lakd Mead 2 
Lake Moovala^a 9 
Colorado River ''~'^'^n4 
Whitman River 32 
Merrimack Rive? 100 

Public Water Intakes 

Missouri River (1959/ 

Mile 470.5 l/,500 
' Mlle.434. 5 2^,000 
Mile 408.8 14, 000 



Fecal 
streptococci 



83 
180 
160 
110 



444 
176 
256 
88 
96 « 



39, 500 
79, 000 
59, 000 



Table ESTIMATED PER CAPITA CONTRIBUTION OF INDICATOR MICROORGANISMS 

FROM SOME ANIMALS* 



Average indicator 
density per gram 
of feced 



• Av^erag^, contribution 
per capita per 24 hr 



♦PubUcation WP-20-3, P. 102 



ERLC : 



Animals 


Avg wt of 
Feces/ 24 hr, 
wet wt, g 


Fecal ' 
conform, • 
milUon ' 


Fecal 
streptococci, 
million 


Fecal 

cpliform, 

million 


Fecal 
streptococci, 
V million 


Ratio 
FC/FS 


Man 


190 


, 13*0 , 


3.0 


— 2, 000 


.450 


4.4 


Duck 


336 


33.0 * * 


'.54*0 


11, ooo' 


18;'o6o 


0. 6 


Sheep 


1,130 


.16.0 


38.0 


18,. 000 


43, 000 


0.4 


•-Chickefl 


182 • * 
• 


1.3 


. 3.4 


2^0. 


* 620^ 


- 0.4; 


Cow 


23,^ 


0.23.^^ 


i.3 


5,400 


31,000 


• 0.2 


Tur'key 




0.29 
3.3 


2.8 


130 


1,300 


0.1 


*Pig 


2, 700 


84.0 


8,900 


230, 000 * " 
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Kabler (106?) discuflsedthe slow ac9eptance 
of the fecal streptococci as indicators of 
pollution resxilting from: 

1 Multiplicity and difficulty of laboratory 
procedures 

2 Poor agreement between methods of 
quantitative enumeratidn. 



3 .Lack pf^stematic studies of* 



• • • • 



a sources 
b survival, and 
^ interpretatipns, and * 
4 Undue attention to the S, fae calls group. 

Increased attention to the fecal streptococci, 
es^clally during the last decade, have • 
clarified many of the ^earlier cloudy issues 
and have elevated the* sfeture of these 
organisms as indicators^ of, poliutionv — 
Court precedents estabHshfh^ legal status 
and recommendations of variouS technical 
• advisory boards have placed the fecal 
coliform group in.a ppsition of primacy 
in many water quality s^pplicatiqns. ^liie 
fecal streptococci have evolved from a 
position of a theoretically useful indicator 
to one which was ancillary to the coliforms . 
to one which was useful when discrepancies* 
or questions evolved as to the validity of 
the coliform data to one where an equality 
statiis was c^hieverf ih certain applications. 
In the future it is^ticipated that, for 
certain applications, the fecal streptococci 
will adhieve a position of primacy for 
useful data, and, as indicated by Litsty 
(1955) "be taken out of the^f ealm of stepr * 
children |uid given their legitimate place . 
in the field of santiary bacteriology as ' 
indicators of sewage pollution. " 

B' Advantages and Limitations 

1 iSurvival 

, In general, the fecal streptococci have 
beai observed' to have a more limited 
V suri^val time in the aquatic environment 
when compared to the coliform grpup. 



* , They are rivaled' in this respect only 

by the fecal coliforms. Except for cases 

^ of persistence in waters of high electro- 
lytic content, as may be common to 
Irrigation waters, the fec^ streptococci • 
haveTR^t'befen observed to multiply in* 
polluted water s^as. may sometimes be 
observed for some of the coliforms. 
Fecal streptococci usually requirp a * 
greater abxmdance of nutrients for sur- 
vival as copipared to the coliforms and* 
the coliforms are more dependent upon 
* the oxygen tension in' tfie waterbody. 
In a number of situations it was concluded' 

.^^^That the fecal streptococci reached an • 
■ eJrtinction point moi:e rapidly in warmer ' 
waters while the' reverse was true in the 
colder situations as the coliformg now 
were totally eliminated sooner. 

2 Resistance to Disinfection 

In artificial pools the source of 
contaminatign by the bathers is 
usually limited to throat and skin' 
. flora and thus increasing attention 
has been paid to indicators other"" 
than those traditionally from the 
enteric tract. ,Thus, one of the 
organisms considered to be a fecal 
streptococci, namely, S, salivarius , 
c6n be a more reliable indicator 
when detected along with the other 
fecal streptococci especially since 
' studies have confirmed the greater 
resistance of the 'fecal streptococci 
to chlorination. This greater • ^ 
resistance to chlorination, ^hen 
compared to the fecal cgllfpriiis, is 
iniportant since the dieoff curve 
differences are insignificant when* 
^ the curves of the fecal coliforms 
are compared various Gram 
negative pathogenic bacteria which^ _ 
reduces their effectiveness as 
indicators • 

3 Ubiquitous Strains 

Among the fecal streptococcus are 
two organisms, one. a biotype apd 
the other a vai^ety of the S. faecalis, 
which; being ubiquitous (omnipresent) 
have. limited sanitary significance. 
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Jbe1)lotxpe, or atypical, S. faecalig 
Is characterized by its ability to 
hydrolyze starch while ,the varietal 
form, liquefaciens, is nonbeta 
ha^olytj»c and capable of liqdefying t _ 
gelatin. Quantitation of these organisms 
in anomalous conditiqns is due to their^ 
capability of survival in sdl or high 
electrolytic waters ^d In waters with 
a temperatilre of less than 12 Degrees G. 

Samples have been ^countered which 
have been devoid of fecal coliforms 
and yet contain a substajitiil numbet of , 
"fecal stfeptococci" of whloji these 
^ubiquitous strains constitute the^ilikjorlty 
or all of the isolations when ai^lyzed 
biochemically. 



V STANDARDS AND CRITEaaA 

Acceptance aftd utilization of TolallCJoliform 
criteria, which must now be considered a 
pioneering effort, has larjgely been supplanted . 
in concept and in fact bjr the fecal coliforms 
in estabUshing. standards for recreational ' 
Walters. 

The first signiflciEuit approach to the uti)|za^^ 
tion of the fecal streptococci as a crlterfum'' ^ 
for recreational water standards occurred in 
1966 when a technical commiMee recommended 
the utilization of) the fecal sl^ptococcl with the 
total conforms as criteria for standards 
pertaining to the Calumet Jllver and lower 




Lake Michigan waters. Several set's of y 
^iteria wer^ established to fU the intended 
uses for this area. ,The u^e of the fecal 
streptococci as a criteriuni Is Indicated to. 
be tentative pending the laccimiiilation of 
existing densities and could be mocUfled In 
futtire standards. 

With the existing state- of-lhe- art teowledge 
of the presence of ,t^e fecal streptococci io 
waters containing low numbers of fecal 
coliforms it Is difficult to estdalish a specillc 
fecal streptococcus density. limit of bjelow 
100 organisms/^lOO ml when used alone or ' 
in conjomction with the f<^tal dS^lforms. > 

The mng^j^eful application of the fecal 
streptaroccus test is in the de^elopi^ent 
of the lecal coliforms fecal streptococcus^, 
ratio as previously described. 
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Part 4. Other. Bacterial Indicators of Pollution 



I TOTAL BACTERIAL COUNTS 
» 

A Historical , , 7 



'1 



\ 



The early studies of Robert Itobh led 
him to develop tentative standards of 
water quality based on a limitation of 
not more than 100 bacterial colonies ' 
per ml on a gelatin- plating medium 
incubated 3 days at 20o c. ^ ' 

* • ^ 
Later developments led to inoculation 
of samples on duplicate plating media^ 
with one set incubated at Zl^C and the 
other at 20OC. 

' Ik Results v«re used to develop a ratio 
« tretween the 370 C counts and the , 
o 20OC counts. 

b Waters having a predominant 
count at 37° C were regarded as 
being of probable sanitary signifi- 
cance« while those giving 
,predoiMnant counts at-20° C were 
considered to be of pi^obable soil 
origin^ or natural inhabitants of 
the water being examined. 



B Groups Tested 

There is no such thing as "total" bacterial 
cotmt in terms of a laboratory determination^ 

1 Direct microscopic counts do not 
differentiate between living and dead 
cells; ♦ 

2 Plate counting methqds enimierate only 
tlie bacteria which are capable of using 

^ the culture medium provided, under the 
temperature and other growth conditions 
ysed as a standard procedure. No one 
^ culture medium and set of growth 

. conditions can provide, simultaneously, 
an acceptable environment; for all the 
heterojgenepus, often conflicting, 

* requirfements of the tcjtal range of 
bacteria which may be recovered from 
wat6rs\ - 



C Utilization of Total Counts. 

1 Total bacterial^ counts, -using, plating 
methods, are useful for: 

, a Detection changes in the bs^cterial 
composition of a water s'ource " ' 

b Proceas control procedures in . » * 
^ treatment plant operations 
• ■* * ' *. ' 

c Determination of sanitary; conditions 
in plant equipment or distributional 
systems^ 

2 Serious limitations in total bacterial 
counts exist because; • 

/ ^ a No infbrmation is given regarding 
possible or probable fecal origin 

^ I of bacterial changes. Large numbers 
^ of bacterla^can sometimes be 

cultivated from waters known to be 
free of fecal pollution,- 

b No Information of any kind Is given 
• about the species of bacteria » 
cultivated. 

y 

c There Is no differentiation between 
harmless or potentially dangerous 
forms. 

3 Status of total counts 

Methodology for the determination of 
, the Standard Plate Count ^as been 
, retained In the 14tii Edition of Standard 
'Methods for the stated reason: 

. "total counts may yield useful 
- % Information abou\ the 'quality of 
' f water supporting data on the 

slmlflcance of conform results . ... 
^ also, useful in judging the efficiency ' 
ill operation of i^arloua^water treat- 
ment processes and may have slg« ^ 
niflcant application as an ln**plant 
control test. It is also valuable for 
periodic checking' of finished 
' distribution water" ^ 
0 (abridged for this Inclusion) 
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Technique for the Standard Plate 
Count is necessary for the 
performance of the Distilled Water " 
Suitability Test as outlined in 
Standard Methods and elsewhere wfthin 
this manual; 



Spore-Porming Bacteria ( Clostridium 
perfringens ^ or C. welchli) 



. 1 Distribution 

This is one of the most widely distributed 
sptjcies of bacteria. It is regularly 
present in the intestinal tract of warm- 
» blooded animals. f T^Li * ' 

1' ■ 



2 Natiire of prganism 



C. perfringens is a Gram-posltiye^''^^* 
spore- forming rod* *The spores cause 
a distinct swelling* of th.e cell when 
formed. The organism is extremely 
active in fermentation of carbohydrates; 
and produces the well-known "stormy 
fermentation" of milk. 



3 Status 



4-^ 



The organism; when present; indicates 
that pollution has occurred at some 
time* However, because of the ex- ^ 
tremely extended viability of the spores, 
it is impossib.le to obtain even ah 
, . approximation of the recency of pollution 
based only on the presence of 
C». perfringens . * 

The presence of the organism does t^t, 
neeessaxdly indicate an unsafe water* 

C Tests for Pathogenic Bacteria of ^Iftlestinal 
Origin 

1 Groups considered inqlude Salmonella 
sp. Shigella sp. Vibrio Qomma , ' 
Mycobacteriuinasp , Pasteurelia sp, 
. I^ptofl|>ira sp^ ana others. 



2 Merits of direct tests: 

Demonstration of any pathogenic 
\ . species would deinonstrate an 

unsatisfactory water quality, hazardous 
^ to persons consuming or coming into • 
contact with that, water.. 

3 Limitations 

a There is no av^tilable routine pro- 
^. cedure for detection'of the full 

range of pathogenic bacteria cited 
above . 

b Quantitative methods are not avail-* 
able far routine application to axiy 
of the aboye. ' . 

> - 

c The intermittent 1?elease of these 
pathogens makes it impossible to * 
regard water as safe," even in the. . 

^ absence of pathogens. 

a d :After detectioi^, the jjublic already - 
would have been^exposjB'^ to tlje ^ 
organism; thus, /there is no built-in 
margin of safety, as exists with^ 
tests for the coliform group. 

4 Applications , . , 

• a In tracing the source of pathogenic 
* bacteria in epidemiological investi- 
gations 

b In special research projects 

c In ^ater quality jstudies concerned 
with enforcement actions against 
pollution, increasing attention is 

— being given to the demon^ratibn of ^ 
enteric fjathpgenic bacteria in the 
presence of the bacterial indicators 
of pollution. ^ 

D Miscellaneous Indicators • 

» — 
' It'ls beyond this discussion to explore the 
total range of microbiological indicators 
of pollutfth that have been proposed and 
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investtgated to some extent. A/Mention can 
be made, however* of consideration of 
: tests for the following. 

• — <. ' 

1 Bacteriophages specific foi|any of a 
number of kinds of bacteria 

2 Tests for Enterovirus 

3 Serological procedures for detection 
of colfforms and other indicators: a 
certain amount of .recent attention has 
been given to applications of fluorescent 
antibodies in such tests 

4 •Tests for Klebsiella 

5 Tests for Pseu9omonas aeruginosa 

6 Tests for Salmonella 

7 Tests for Fiingi 

8 Tests for Staphylococcus 

— . ' Ik 
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EXAMINATION OF WATER FOR ^OUFORM ANDi 
FECAfc>§TREPTOCOCCUS^ROUPS 
(Multiple DlluUon Tube [MPN] Methods) 



I INTRODUCTION 

i r 

The subject matter of this outline is contained 
in three parts, as follows: 

A Part 1 , ■ 

1 Fundamental aspects of' multiple dilution 
'* \ ^ube ("most probable numbers") sts, 
both from a qualitative and a quantitative 
viewpoint. * 



B Part 2 ' ^ ^, 

Detailed,^ day-by- day, procedures in tests 
for the coliform group and subgroupS"* 
within the coliform group.. 



C Part 3 



Laboratory |>ench records. 

Useful techniques in multip% dilution ' 
tube methods. 

Standard supplies, equipment, and 
media in multiple dilution tube tests. 



• Detailed, d^-by-day, procedures in tests 
for -members fecal streptococci. ' 

* 

D Application of Tests to Routine Examinations 

' The following considerations (Table 1) apply' 
to the selection of the Presumptive Test, 
the Confirmed Test, and the Completed 
Test. Termination of tefeting at the 
Presumptive ^est level is not practiced 
. by labqratories o^|^this agency. It must J 
be realized that the Presumptive Test alone 
has limited use when water quality is tq^^ * 
be determined. 



TABLE 1 



Examination Terminated at 



Type of Receiving 
Watei 



Presumptive 
Test 



. Confirmed Test 



-Completed Test 



Sewage Receiving ^* 
Treatment Iilant - Raw 



Applicable - 
Applicable 



Applicable 
Applicable 



Chlorinated 



Not Done 



Applicable 



Bathing 



Not Done 



Applicable 



Drinking 



. Not Done 



Applicable 



Other Information 




Important where results ' 
are to be used for control 
of raw or finished water. 
Applicatioir to a.statis- 
tically valichiumber of 
samples from the 
Confirmed Test to estab- 
lish its ^Hdity in ' . 
determining 'the sanitary 
quality . 



Applicable in all 
cases >yhere Pre- 
sumptive Test alone 
is unreliable. 



\ NOTE: Mention of commercial products iind manufacturers does not imply endorsement hy the 
Environmental Protection Agency. ' * 
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U BASIS OF MULTIPLE TUBE TESTS 
A Qualitative Aspects / j 

1 For purely qualitative aspects of testing ^ 
for indicator organisms, it is convenient 
to consider the tests applied to one 
9ample portion, inoculated iiito a tube 

of culturj? medi^un, and«the follow-up 
, examinations and tests on results of the 

original inoculation. Results of testing 
^ procedures are definite: positive 
* (presence of the organism -group is 

demonstrated) or , negative (presence of 

the organism- group is not demonstrated, ) 

2 Test procedures are based on certain 
fundamental assumptions: 

a 5'irst, even if only one living cell of 
the test organism is pTresent in the 
sample, it will be able to grow when 
introduced . into th^ priiimry inoculation 
meditmi; 

b Second, growth of the test organism 
in ;the cultiire medium will produce 
a result which indicates presence of 
the test organism; and, 

c^ Third, extraneous brgsmisms will 
not grow, or if they do grow, they 
wfU-not limit growth of the test 
organism; nor will they produce ' 
growth effects that will be confused 
with those of the bacterial group for 
which the test is designed. 

3 Meeting these assumptions usually 
makes it necessar}c^«to conduct the tests 
in a series of stages (for example, the 
Presiunptive, '"Confirmed, and Completed 
Test, stages, refipecstively, of standard 
tests for the coliform .group). 

■* ✓ 

, 4 Features of a full, multi- stage* test 

a First stage ; The culture medium 
. usually^ serves primarily as an 
enrichment medium for the group 
tested. A good f£rst- stage* gifcwth 
^•medium should support gro^yth of all 
. the living cells of the group tested, 

and it should include provision f6r 
indicating the. preSehce of^the test 



organism being studied. A first- 
stage medium may include some 
component which inhibits growth 
bf extraneous bacteria, but ihis 
feature never should be included 
if it also inhibits growth of any 

, cells of the group, fpr which the 
test is designed. The.P resumptive 
Test for the colifo/m group is a 
gbod example. The"^edium 
supports growth, presumably, of 
all living cells of the coliform 
group; the culture container has a 
fermentation vial for demonstration 
of gas production resulting from 
lactose fermentation by coliform 
bacteria, if present; and sodium 
lauryl sul^te may be included in 
one of the approved niedia for 
suppression of growth of certain' - 
noncoliform bacteria. This 
additive apparently has no adverse 
effect on growth of members of the 
coliform group in the concentration 
used. If the result of the first-stage 

^st is negative, thfe stu<fy of the 
ciUture is ternainated, and the result , 
is" recorded as a negative test. No 
further study is made of negative ' 
tests. If the result of the first- 
stage test is positive, the culture * 

,may be subjected to further study 
to verify the findings of the first 
stage." 

b Second stag6: A transfer is made 
from positive cultures of the first- 
stage test, to a second culture medium. 
This ^est stage emphasizes provision 
to reduce confusion of results due to 
growth effects of extraneous bacteria, 
commonly achieved by addition of 
sel^tive inhibitory agents. (The 
Confirmed Test for coUforms jneets 
these requirements. Lactose and ^ 

— "feyrn^entation vials ^are provided for * 
demonstration of coliforms in the 
* medium. BrllUant green dye and 
«bil^ salts are included as inhibitory 
ageiSts which tend to. suppress growth 
*of practically all kinds of honcoliform 
bacteria, but do not suppress growth 
of coliform.bacteria when used as 
directed). ' 
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If result of the second- stange test is 
negative, the study of the culture is 
terminated/ suid the result is recorded 
as a negative test. A negative test here 
mesuis that the positive results of the 
first-stage test were "false positive, " 
due to one or more kinds ^f extrameous 
bacteria. A positive second- stage test _ 
is partial confirmatio'n of the positive 
results obtained in the first-stage test; 
the culture rrtay be subjected to final 
identification through applic^ation of still 
further testing procedures* In routine 
practic^e, most sample examinations 
are terminated at the end4>f the second 
stage, on the assumption that the result 
would be positive if carried to the 'third, 
and final stage. This j[&ractice should be 
followed only if adequate testing is done 
to demonstrate that the assumption is 
valid. Some workers recommend contin- 
uing at least 5% of all saxnple examina- 
tions to tiie third' stage to demonstrate 
the reliability of the second- stage result? 



B 



Quantitative Ai^pects of Tests 



. These methods for deterpnining bacterial' 
numbers are ba&ed on the assumption 
that the bacteria can be separated from 
one another (by shaKing or other means) 
resulting In a suspension of individual 
bacterial cells, uniformly distributed 
through the original sample when the 
primary inoculation is made. 

Multiple^ilutioQ'tube te$ts for quantit'a- 
, tive determinations apply a Most "Probable 
, Number (MPN)' technique. In this pr6- 
cedure one or more measured portions* 
. of each oi a stipulated series of de- 
creasing sample volumes is Inoculated 
• into the first-stage culture medium. 
Through decreasing the sample incre- 
ments, eventually a volume is reached 
where only one cell is introduced into. 



some tubes, and no cells are ii^tToduceS 
into other tubes. Each of the several • 
tubes of sample-inoculated first-stage 
medium is tested iriflependently, 
according to the principles previous^ 
described, in the qualitative aspects 
of testing procedures. ^ ' 

The comijination of positive and 
negative results is used in an application 
of probability niathematic^ to secure 
a single MPN value for the sample. 

To obtain MPN values, the following ' 
conditions must be met: 

a The testing procedure must result 
in one or more tubes in^which the 
test organism is demonstrated to 
be present; and . ~ . 

b The testing procedure must result 
in one or more tubes in which the 
test organism is not demonstrated 
fo be present. 

The MPN value for a given sample is ' 
obtained through the use of MPN Tables. 
It is emphasized that the precision of 
ah individual MPN value is not great * 
when compared with niost physical or 
chemical determinations. 



Standard practice in water pollution 
surveys conducted by this organization, 
is to plant five tubes in each of a series 
of sample increments, Irr sample 
- volumes decreasing at decimal intervals. 
For example, 'in testing known polluted 
waters, the initial sample inoculations 
might consist of 5 tubes each in volumes 
of 0.1, (KOI, 0.001, anS 0.0001 ml, 
respectively. . This series of safnple 
volumes wilt yield determinate results 
from a low of 200 to a high of 1, 600, 000 
organisms per 100 ml. 
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m LABORATORY BENCH RECfORDS IV 

A Featiires of a GJood Bench Record Sheet 

. ' ' A 

1 Provides complete identification of the 
san^le. 

2 Provides for full, day-by-day informa- 
' tion about^^ tests performed on the 

sampler'^ 

3, Provides easy step-by-step record 
, applicable to any portion of the sample « 

4 Provides for recording of the quantitativi B 
result which will be transcribed to sub- 
sequent reports. 

5 Minimizes the amount ofVriting by the 
analyst. 

ti Identifies the analy8t(s)w 



B There is no such thing as ''standard^* 
bench sheet for multiple tiabe tests; there 
are many versions of bench sheets. Some 
are prescribed by administrative author'ity 
(such as the Office of a State Sanitary 
-Engineer); otherj are devised by laboratory^ 
or project personnel to meet specific needs. 



C^t is not the purpose of this discussion to 
recommend an "ideal" bench form; however, 
the form used in this training course ^ 
ma^iual is essentially simi^ to th^t uied 
in certain r^earch laboratories (jti"^^, 
organization. . The student enr^lle^^ln.^he . 
course for which this manual is written \ 
shoiad make himself thoroughly familiar 
; with the bench sheet and its proper use. 
See Figure 1, 



NOTES ABOUT WORKING PROCEDURES 
IN THE LABORATORY 

Each bacteriological ^mriiatiOn of water 
by multiple dilution tub^ methods requires 
a considerable amount of manipulation; 
much is qiiite repetitious, laboratory 
workers musf develop and maintain gooS * 
routine working habits, with constant 
alertness to guard against lapses into 
careless, slip-shod laboratOrjTprocedures 
and "short cxrts" which only can lead to 
lowered quality of laboratory work. 

Specific attention is brought to the following 
by no means exhaustive, critical aspects of 
laboratory procedures in multiple dilution 
tube tests: , 

1 Original sample 

a Follow prescribed care and handling 
procedures before testing. 

,1; Maintain absolute identificl^ion of 
. sample at all stages in testing. 

c Vigorously shake saihples (and 
sample dilutions) before planting 
in culture ^edia. 

2 Sample measurement into primary 
culture medium ' ^ 

a Sample portions must be measuredy^ 
accuratejiy' into the cultiure medium 
for reliable quantitative tests to be 
ma^e. Standard Methods prescribe*" 
that calibration errors shotild not 
exceed + 2.5%. 



BACTERIOLOGY BENCH SHEET 



Project O/U^ 



Multiple E^llutioti iTube Testa 



Sample Station 



Collection D^ta 




Dat e AAA^f T ime f.'Sfi By 
TeiaipeVauire ^ pH 



Other Observations 



2^ 



Analytical Recor d 

Bench Number of Sample 
Analyst_>^^£-A^^, 



Test started at ff/:¥jS^ /fZ 




Coliform MPN/ loa ml 
' Confirmedi 
. \ Completed: . 
Fecal Coliform MPN;>^ 
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Fecal' Streptococcus MPN/ 100 ml 
''X^D - EVA: 



Figure 1, SAMPLE BENCH SHEET 
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Suggested sainple ineasui^lng practices 
are as follows: Mohr measuring 
pipets are recommended, 10 ml 
samples are delivered at the top of 
the culture tx4)e, using 10 ml pipets. 
1.0 ml samples are delivered down 
into the cultiire tube, near the sur- 
face of the me'dium, and *Wched 
off*' at the side of the tube when the 
desired amount of sample has been 
delivered, 1. 0 ml- or 2. 0 ml pipets 
' are used for measurement of this 
' volume, 0. 1 ml samples are 
delivered in the same manner as 1. 0 
ml samples, using great care .that 
the sample actually gets into the 

culture medium , Only 1 , 0 ml pipets 

t 

are useo lor this sample voltune . 
After delivery of all sample incre- 
ments into the cultuire tubes, the 
entire rack of culturp tubes may be 
shaken gently to carry down any of 
the sample adhering to the wall of 
the tube above the medium. ^ 

' Workers should demonstrate w actual 
tests thatthepipetsandthe technique 
in use actually de liver s the i^ate d volume s 
within the prescribed limits of error. 

Volumes as small as 0. 1 ml routinely 
cdn be delivered directly from the 
sample with suitable pipets. Lesser 
sample volumes first should be'diluted, 
with subsequent delivery of suitable 
volumes of diluted sample ixito the 
culture medium. A diagrammatic 
sqheme for making dilutions is shown 
in Figure 2. 



b •Gas in any quantity is a positJire test. 
It is necessary to work in ccaiditions 
of^suitable lighting for easy recog* 
' nition of the extremeJy small amounts 
of gas inside the tops of some 
fermentation vials. 

[Cading oMiquid culture tubSs for . 
wth as indication of a positive test 
requires good lighting* Growth is 
^ shown by any amount of increased 
f turbidity or opalescence in^e culture 
^ me^uni,! ^with or without deposit of 
^ sediment at the bottom of the tube. 

5 Jransfer of cultures with inoculation 
^ - loops and needle fl_- 

a Mways sterilize inoculatipn loops 
and needles to glowing (white hot) 
in flame immediately before transfer 
of culture; do not lay it down or . 
touch^t to any non sterile object 
before maldng the transfer. i 

b Aftef sterilization, allow sufficient 
,time for cooling, in the air, to avoid 
. heat-killing bacterial cells which will 
be gather ejS on the wire. 

IJW)ps shoiild be at least 3mm in inside 
diameter, with a capability of holding 
a drop of water or cultiu'e. 

For routine standard transfers 
requiring transfer of 3 loopsful of 
culture, (Fecal Steptococci) many 
.workers form three- loop^ .on the 

san&e length of wire. '\ 



Reading of culture tubes for gas 
production 

a On removal from the incubator, 
shake culture rack gently, to 
enco^age release of gas which 
may be supersaturated in the culture 
medium. ' 



As an alternative to use of standard 
inoculation loops, the use of . . 
'^applicator sticks" is describtfCf in the 
14th Edition of Staiid9ird Methods. 



Figure 2. PREPARATION OF DILUTIONS 



Dilution Ratiosi 



1:100 



1:10000 



Delivery volume 




— ^1 99 ml ) _ 

IN. 



4 



.Iml 



1ml 0. 1ml 1ml 0. 1ml 






Tubes 



Petri Dishes or C^ture Tubes 



Actual volumg 
of Sample in tube 



1ml 0.4 ml/ 0.01 ml 0. OOlml ^ 



0. aOOl ml 0. 00001 ml 



,The applicator sticks are dry heat 
sterilized (autoclave sterilization is 
not%cceptdbIe because of possible 
release of phenols if the wopd is 
steamed) and are used on^ 'single- 
service basis, ^Thus, for every ^ 
positive culture tube transferred, a 
new applicator^ stick is' used. 

This use of applicator sticks is 
. ^rticularly attractive in field 
' situations where it is inconvenient or 
inipossible.to provide a gas burner 
suitable for sterilization of the 
inoculation loop,- In addition, pse of 
applicator sticks is favored in 
laboratories where room temperatures 
*are significantly elevated by U3e of 
gas burners. ' 



7 Streaking, cultures on agAr surfaces, 

a All streak- inoculations should be 
made without b;»eaking the surface 
. of {he agar. Learn to use a light ^ 
touch with the needle; however, 
many inoculation needles are so 
^harp that they are virtually useless 
in this respect. When the needle is ' 
platinum or platinum- iridium wire, 
it sometimes is'beneficial to fuse 
the working tip into a small sphere. ' 
This can be done by momentary 
insertion of a well- insulated (agstinst 
electricity) wire into a carbon arc, 
or some other extremely hot environ- 

♦ ment. The sphere should not be more 
than twice the diameter of.the wire 
from which it is formed, otherwise 
it wili be entirely too heat- retentive ' 
to be useful. 
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When the needle is nlchrome 
resistance wire, it cannot be heat* 
fused; the writer prefers to bend 
the terminal 1/16 - 1/8" of the wire 
at a slight angle to the overall axis 
of the needle. The side of the 
terminal bent portion of the needle 
then is used for inociilation of agar 
surjTaces. 

I) When streaking for colony isolation; 
avoid using too much inoculum. The * 
streaking pattern is .somewhat 
variable according to individual 
preference. The procedure favored 
by the writer is shown in the 
accompanying figure* Note 
particularly that jvhen going from 
any one stage of the streaking to the 
next^ the inocijlatlon needle is h^at- ^ 
sterilized. , 

8 Preparatioi! of cultures for Gram 
stain 

a The Gram stain always shoidd be 
made from a culfure grx>wti on a 
nutrient agar surface (nutrient 'a gar 
slants are used here) or from nutrient 
broth. 



b Ihe culture should be young, and 
should be actively growing. Many 
workers doubt the validity of the 
Gram stain made on a culture more ' 
than 24 hours old, 

c Prepare a thin smear for the staining 
procedure. Most beginning workers 
tend to use too much bacterial sus- 
pension in preparing the dried smear 
for staining* The amount of bacteria 
should be so small that the dried film 
is barely visible to the naked eye, 

* 
t 

V EQUIPMENT AND SUPPUES 

Consolidated lists of equipment, supplies,^ 
and culture media required for all multiple 
dilution tube tests described in this outline 
are shown'in Table 2;, Quantitative infor- 
mation is not presented; this is variable - 
according to the extent of the testing pro- 
cedure, the number of dilutions usexl, and 
the nuinber of replicate tubes per dilution. 
It is noted that^requirements for alternate 
^procedures are fully listed and choices are 
made in accordance to laboratory preference. 
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1 a Flame-sterilise an inoculation needle and eiir-cool. 



b Dip the tip of the inoculation needle into the bac- ^ 
terial clilture being studied. 

c Streak the inoculation needle .tip lightly back and 
' ^ 'forth over half the agar surface, as in (1), avoid- 
ing scratcijing or breaking the agar surface. 

d Flame -sterilize the inoculation needle and air-cooL- 

a Turn the Petri dish one-quarter-turn and streak the 
inoculation needle tip liglitly back and forth over one- 
'half the agar surface, working from ax^ea (1) into one- 
half the unstreaked area of thi? agar. ^ 

b Flame-sterilize the inoculation needle at;d air-cool. 



a Turn the Petri dish one-quartec-turn antl streak the 
inoculation needle ti]Mightly back and forth over one- 
„half the agar surface, working from area (2) into 
area (3), the remaining unstreaked area. 

b Flame-s|erilize the inoculation needle and set it aside. 

0 Close the culture container and incubate as prescribed. 



Figure 3. ^ SUGGESTED "PROCEDURfi FOR COliONY IS01,ATI0N BY A 
STREAK-PLATE TECHNIQUE 




AREA 1 (H^avy inoculum) 



AREA 3 (i^solated colonies) 




AREA 2 

(Moderate growth} 



APPEARANCE OF STREAK PLATE 
AFTER INCUBATION INTERVAL 



J 
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TABLE 2. APPARATUS AND SUPPLIES FOR STANDARD 
FERMENTATION TUBE TESTS 



' Description of Item 



Descriptu 



Uuryl tryptose broth or Lactose 
broth. 20 ml amounts of K 5 X 
Concentration medium, In 25 X 160 mm 
culture tubes with -Invert ejl fermrtj- 
tation vUls, suluBle caps, 

Uuryl tryt>tose brolh or Lactose 
broth. 10, ml amounts bt single 
strength medium in 20 X ISO mm 
culture tubes with inverted fermen- 

; tatloij vUls, suU«)l3l» ca^s. 

Brllliam gfeen lactose bile broth, 2% 
In 10 ml amounts*, single strength, • 
In 20 X 150 mm culture tubes with 

' Inverted fermeritatlon vials, 
suitable caps. 

Eosln methylene blue agar, poured 
In 100X15 mm Petri dishes 

Endo Agar, poured In 100 X 15 mm 
dUhes 

'Nutrient agar slant, screjSr cap tube. 

EC Broth, \0 ml amounts of single 
strength m«dlum In fermentation 
tubes I 



Culture tube racks, 10 X5 openlngs; 
' each opening to accept 25 mm dia- 
meter tubes. 

Pipettes, 10 ml, Mohr type, sterile. 
In suitable cans. , 

S3pettes, 2 ml (optional), Morh type;- 
sterlle. In suitable cana 

Pipette?, 1 ml, Mohr type, sterile 
In metal suitable cans . 

SUndard bufferedf dilution water, 

sterile, 99-ml smounts In screw- 
■ capp^ bottles. 

Gas burner, Bunsen type 

Inoculation loop, loop 3mm dla*j 
meter, of nlchrome or platlnum- 
Irtdlum wlrs, ^8 B 4 S gauge. In 
suitable holdsr. (or sterile appUca^r' 
ftUck) 

Inoculation needle, nlchrome, or 
pUtUfim-lridlum wire, 2S B & S - 
gauge. In sultsble holder.' 

Incubator, adjusted to35^0.5oc 

Wsterbath Incubator, adjusted to 
44,5+ 0,2^C. ^ 

OUss microscopic slides, j" XV 

Slide rscks (optlonsi) ^ ^ 

Orszn-staln solutions, complete set 

Compoxmd microscope, oil imm^r* 
,flon lens. Abbe' cpndcnser 

Batket'for discarded cultures 

'btntibMr for discarded pipettes 



Total Conform tjroup 



Presumptive 
Test : 



Confirmed 
Test 



3-10' 



CompTeted 
,Te»t 



X 



s 

X 
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Fecal Conforms 



(EC ^roth) 



X 



^ Part 2 ^ *^ A 

-DETAII^i'AsTmG PR<XEDURES FXDR-MEMB^ 
COLIFORM GROUP MULTIPLE DILUTION TUBE METHODS 



r SCOPE 

A Tests Described 

1 Presumptive Test. 

2 Confirmfed Test 

3 Completed Test 

4 Fecal Collfo^m Test ^ '] 

B .Foyn o^Present^^ton - 

' ' The Prtifflimptive, Cortfirm'^, and ^ 
. - Complewl Tests aje presfentecj as total, 
lndfei«ndent procedureg.. R is' jecognizeS 
that ^hlQ^form of presentation is somewhat' 
repetitfous. inasmuch as the Presumptive 
Test IS preliminary to the Confiri^ied 
Test, and both ti^ f i*eBumptive Tfest and i 
the Confirmed Test o^e prelinlinary to th^ 
Completed Test for total colifor^s. ^" . » 

In using these procedures, the woSFker 
must know at the outset what is to be the 
stage at ^hich the test ia ^ be, ended, and 
^ the details of the procedures throughout, 
^ in order to prevent the possibility; of 
^ ^discarding gas-positive tubes before 
proper transfer procedures have been " . ( 
followed. ♦ 



n ' RESTING TO PRESUMPTIVE' TEST 
.STAGE 



^^-lus, if th9 worker knows that the ^st will 
be ended at the Confh'med Test,, he will 
turn at once to^Seci;ion HI, TESTING TO 
THE CONFIRMED TEST STAGE, and will 
ignore Sections II and IV*^ 

The Fecal Coliform Test is described 
separately, in Section V, as an 
adjunct to_the Confirmed Test and to the 
Completed Test. 



A First- Day Procedures 



Prepare a laboratory data sheet for 
the sample. ,Record the following 
information: assigned laboratory 
number, source of sample, date and • 
time of collection, temperatyr'e of the 
source, name of sample collector, 
date and time of recent of simple in 
the laboratory. Algo show the date 
and time of starting tests in the 
laboratory, nam e(s) of worker(s) per- 
forming the laboratory tests, and the 
ss^ple volumes planted. 



CT 
2 



lAhel the tubes of lauryl'tryptose broth 
required for tfie initial p;ianting of the 
^nple (Table 3). The label should ♦ 
D&r three identifying marks. The 
. u]^r jiiVriber is the identification of 
Ih? wprke^l) performing the test 
^'(applicable to j^ecsonne} in training 
^courses), the number immediately 
* below is the assigned laborator^um- 
'ber, corresponding with the laboratory 
i^ecord'shee\. The lower number is the 
code^o designate the sample volume 
^ and which tube of a replicate series is 
Indicated. ' 



NOTfe: Be«sure' to use tubes containing ^ 
the correct concentrations of culture medium 
forihe f^toculum/tube volumes. (See the 
.xhapi^r wTmedia and /Solutions for multiple 
dilution tube methods or refer to the current 
.edition of Standard Methods for Water %nd 
Wastewater). * / 
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^Tablev ^.-SUGGBSTED-LABBUNGrSGHEME FOR ORIGIN^Lr CULTURES AND 
• SUBCULTURES IN MULTIPLE DILUTION TUBEVeSTS 







Tube 
1 


Tube 
2 


Tube 
3 


Tube 
4 


;rube 
5 


Sample volume 
represented 




Bench nun^er 
Volume & tube 


•312 
A 


312 
B 


312 
C 


312 
D 


312 
E 


Tubes with 10 ml 
of sample ^ . 




Bench number 
Volume & tube 


312 - 
a 


3^2 
b 


312 
c 


312 
d 


312t 
e 


Tubes with I ml \ 
of sample \ 




Bencii numb.er. 
^Volume & tube 


*312„, 


312 r 

_b 


312 , 
c 


312 
d 


312 
e 


Tubes' with 0. 1 ml \ 
of Sample \ 




Bench number ^ 
Volume & tube 




312 


312 

Xc 


"312 
Id 


312 
le 


Tubps wit^ 0,01 ml 
of san^le 




Bench numbeV 
Volume & tube 


312 
2a 


jl2 

r2b 


312 
2c 


312 ' 


312 
2e 


Tubes with 0.001 ml 
of sample 



Pube of Culture 



The labeling of cultures can be^ reduced by labeling only the first tube of 
each^series of identical sample volumes in the initial planting of the sample 
-^^L subcultures from initial plantings should be labeled completely. 



3 Place the labeled^^ture tubes in an 
orderly arrangement ixr ^culture tube 
rack, with the tubi^s intended for the 
largest sample volumes in the front 
row, and those intended? for smaller 

# volumes in the succeeding rows^ 

4 Shake the i^mple vigorously, approxi- 
mately 25 tirpes, in an arc of one foot 
within seven seconds and withdraw the 
sample portion at once. ^ 

5 Measure the' predetermined sample.' 
volumes ifttothe-labeled-tubes-of^lauryl- 
tryptose 6rotii, using careToltvoid 
intrbdiiction of any bacteria into'the ^ 
culture medium .except^hose in the 
sampie. 



Use |i 10 ml pipet for 10 ml sample 
portions, and 1 ml pipets for portions 
of t ml^or less/ Handle steHle pijpets 
only near the mputhpiece, and protect 
the delivery end from external con- 
tamination. Do not remove the cotton 
plug in the mouthpiece as this is 
intended to prefect thefuper from 
ingesting any sample. 




b When using the pipet to withdraw 
sample portions, do not dip\the 
pipet more than 1/2 inch intd the 
sample; otherwise sample running 
down the outiside of the pipet will 
make mjeasyrements inaccurat^ 

After rneasuringWu portions of th^ 
sanfiple.into their\resMctive tubes 
medium, gently sWke the rack of 
inoculated tubes to insure good mixiri^ 
of sample with tfte\culture medium. 
-AjviQiAyigQmu^^^ as air bubble £ 



may be^shaken intotthe fermentation 
vials and ^er^by invalidate the test. 

*»> 

7 . Place the rack of inoculated tubes in the 
incubator at 350 + O..50C for 24 + 
2 hours. 

B 24-hour Procedures 



Remove the rack of lau 
broth, cultures from the ii 



, tryptose 
cubator, and 



shake gentlj^ If gas .is abiiut to appear 
In, the feri?i^tHtiQJi vials, tl^e shaking 



will speed the process. 



3-12 



51 



MPN Methods 



3* 



Examine jisLch tube carefully. .Record', 
in the column "24" under LST on the 
latJoratory data sheet, each tube showing 
gSLB in the fermjentation vial as' a positive 
(+) testf and each tube not showing gas 
. AS^ negative (-) test. PA*S IN ANY 2 
QUANplTY IS A POSITIVE TEST. 

Dijscard all gas-positive tubes of lauryl 
tryptdse broth, and return all the gas- 
negative tubes to th^ 35°C.incubator for 
• an ad,aitional 24 ^ 2 hours« 



the i] 



C 48-hour Procedures 



1 Remdve the rs^ck of culture tubes from 



cubator, read and record "gas 



production for each tube. 



2 Be 
48- 



^ure 



h( )ur 



to record all results under the 
L/TB column on the dala sheet. 
Discird all tubes. The Presumptive 
Test is concluded at this point, and 
Presamptive coliforms'per 100 ml can 
be computed according to the methods 
descijibed elsewhere in this manual. 



ni testingVto confirmed test stage 

Note tl^atHhe description*' starts with the 
Scumple inoculation and includes the 
Presumptive^est stage. The Confirmed 
. Test preferred in Laboratories of this agency 
is accomplished by nieans of the brilliant 
green lactose bile l^roth (BGLB) and the 
acceptable alternate tests ace mentioned in 
ni In addition, tkevFecal Coliform Test is 
included as an option^ adjunct to the procedure « 



A First- Day Procedures 



Prepare a laboraipry data* sheet for the 
sample. Record tne following.infor- 
,mation: assigned laboratory number, ' 
source of sample, date and time of 
•collection; temperature of the source, 
name of sample collector, date and 
time of receipt of sapiple in the 
lafiorat^^:^. Also show the 'date and : 



time of starttng tests in the laboratory. 
name(s) of wopker(s) performing the 
M)oratory>.te8ts, and the sample 
volumes planted. - ' 

Label the tubed of lauryl tryptose broth 
required for the initial planting of the 
sample. The label should bear three 
identifying marks, r The^upper number . 
is the identification of the worker(s) 
. performing the test (applicable to 
personnel in training courses), the 
number immediately below is the 
assigned laboratory number, corres- 
ponding with the laboratory record 
sheet. The lower number is the code 
to designate the sample volume and 
which tube of a replicate series is indicated. 



NOTE: If 10- ml samples are being 
planted, it is necessary to use tubes 
containing the correct concentration 
of culture medium^ This has previously 
been noted in IT A- 2. 



3 Place tl^ labeled culture tubes in an 
orderlyHtrrangement in a culture tube 
rack, with the tul^esrtntsnded for the 
largest sample volumes in th^*front 
row, and those intended for smaller 
volumes in the succeeding rows. 

4 Shake the sample vigorously, apJ)roxi- 
mately 25 times, iij an up-and-down 
motion. • » 

5 '^^easure the predeterrhined sample 

volumes into the labeled tubes of lauryl ' 
tryptose broth, using care to avoid 
introduction of any bacteria into the 
culture medium except those in the sample. 

a Use a 10- ml pipet for 10 n\l sample 
portions, and 1-ml pipets for portions 
^ of 1 ml or less. Handle sterile pipets 
only near the mouthpiece, and protect 

, the' delivery end from eacternal con- 
tamination. Do' not remove the cotton 
plug irf the mouthpiece as this is intended 
to protect the tfser from ingesting any 
sample . • 
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b ^Vhen usirigjthe pipet to withdraw 
sample portions, do not dip the 
pipet more than 1/R inch into the 
sample; otherwise sample running 
down the outside of the pipet will 
make measurements -inaccurate. 

c Wfien delivering the sample into the 
culture me^um, deliver sample 
portions of 1 ml or less down into 
the culture tube near the surface of 
the mediunj. Do not deliver small 
sample .volumes^at the top of the tube 
and allow thfem to run-down inside 
the tube: too much of the sample ' 
will fail to reach the culture medium. 

d Prepare preliminary dilutions oT 
samples for. portions of 0. 01 ml or 
less before delivery into the culture 
medium. See Table 1 for preparation 
of dilutions. NOTE: Always deliver 
diluted sample portions into the 
^ culture medium as soon as possible 
after preparation. The interval 
between preparation of dilution and ^ 
introduction of sample into the * 
medium never should be. as much 
as 30 minute^. 

6 After measuring all portions of the 
sample into their respective tubes * " 
medium, gently shake tfie rack of 
inoculated tubes to insure good mixing 
of $ample with the cCilture medium. 
Avoid vigorous shaking, as air bubbles 

. may be, shaken into the f^cmentation 
^ ' vials and tiiereby inval^te ithe test. - * ' ' 

7 Place the rack of inoculated tub^s in 

^ the incubator at 35o + 0, 5oC fofi 24 + 
2 hours. 

B' 24- hour Procedures 

1 Remove the rack of lauryl tryptose 
brotl? Cultures from the incubator, and 
jshake gently. If gas is about to appear 
in the fernientation vials, the shaking 
will speed the process. 



8 



\ ExShiine^ach tube carefully. Record, 
in the column "24"''under LST QI^i^s^ 
l^borato^y data sheet? each tul^e showing 
gas in thg fermentation vial as a 
positive (+) test and eaph tube not ' 
showing gas as a negative (-) test. 
GAS IN ANY QUANTITY IS A POSITIVE 
TEST. 

Retain-all ga6-positive tubes of lauryl . 
~ tryptose broth culture in their place 
in the rack, and proceed. 

Select the ;gas-positive tUbes of lauryl ' 
tryptose brioth culture far Confirmed 
Test procedures.^. Confirmed Test 
procedures may not be required for all 
gas-pbsitive culture^. If, after 24-hour8 
of incub,^tion,-ttlI five replicate cultures 
are gas-positive for two or more con- 
•secutive sample volumes, then select 
the set of. five cultures representing 
the smallest volume of sample in which 
all tubes were gas-positive. Apply 
Confirmed Tast procedures to all these 
cultures and to any other gas-pdsitive 
- cultures representing^ smaller volumes .f;^ 
of sample, in which some tubes were 
gas-pesitive and some were. gas-negativeT 

Jjabel one -tube of brilliant green lactose 
bile broth (BGLB) to_correspon% with 
each tube of lauryl tryptose broth 
selected' for Confirmed Test procedure^. 

Gently shake the rack of Presumptive 
Test cultures. With a flame- sterilized 
inoculajtiorn9op transfer one loopful of 
culture from Wch gas-posUive tube to 
the cor responqgig tube of BGLB. Plac"^^ 
each newly inoctdated culture into BdiLB 
in the position of the^^original gas-positive 
tube. ' - 

After making th^i transfers, the rack 
should contain ^some 24-hour gas- 
negativ'e tuBes of lauryl tryptdse broth 
and the^e^ly. inoculated BGLB. 
•> 

If th©^ecal Coliforjpi Test Is included ' 
. in the^testing procedures, consult 
'^e^ion V of this part of the outline of 

tesfing procedures. • ' ' 
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• ^ 9 ' IncUbate the 24-hour gaS-negative 

BGLB tubes and^any newly- inoculated 
^ X- , tubes of BGLfi an additional 24 2 ,\ 
hourrat35°+ 0.'5°C. 

» 

* C 48-hour Procedures 



hours old and somfe may be 484iours 
old/ Remove such cultures from the 
incubator, examine each tube for gas 
production, and record results on the 
data sheet. * A 



Rem6ve the rack of culture tubes from 
the incubator, read aiid record gas^ 
production for each fube. 

Some tubes will be lauryl tryptose broth 
and some will be brilliant green lEictose 
bile broth (BGLB). Be sure to record 
results from LTB under the 48-hour 
LTB column and the BGLB results^ under 
the 24-h6ur column of the data sheet. 

Label t^es of BGLB to- cor respond with 
ail (if any) 48-hour gas-positiVK cultures . 
in lauryl tryptose broth* Transfer one * 
loopful of culture from each gas-positive^ 
LTB ,t:ulture 1o the correspondingly- 
labeled tube of BGLB. NOTB: AU, 
tubes of LTB culture which were 
negative at 24 hours and became 
positive*at 48 hours are to be trans/erred 
The option described above for 24- hour 
cultures does not apply at 48 hours. 

If the FecaSgoliform Test is included 
in' the testing procedure, consult 
SectionrV of the part of the outline 
of testiiJg procecjures^ 



Incubate the 24- hour gas -negative 
BGl^' tubes and iiny newly- inocv 
tubes of BGLB 24+2 hours at 35< 
b.5oa 



Lted 



• 6 Discard all tubes of LTB and all 24-l^our 
gas- positive BGLB cultures. ^ 

D 72-hbur Procedures 

1 If any^ cultures remain to be examined, 
•wall will he BGLB. Some may be 24 * 



Be sure to record the results pf- 24-hour 
BGLB cultures in the "24'' column under 
BGLB and the 48.hour results under the 
48 column of the da'ta sheet. 

Return any 24-hour gas-negative cultures 
for incubation 24 + 2 hours at 35 + 
0.5OC, ' • ' - . . 

Discard all gas-positiv« fiGLB cultures 
and all 48-hour gas-i;iegatiye cultures 
from BGLB. • i ^ " 

» 

It is possible that all cultural work and 
results for the Confirmed Test have 
been finished at this point, ft so, codify J 
results anS determine Confirmed Test 
coliforms per 100 ml as described in 
the outline on use of MPN Tables, 



£1 96-hour Procedures ^ ^ 

At most only a few 48-hour ciiltures in 
BGLB may be present. Read and record 
gas production of such cultures' in the "48' 
coluimi* -under BGLB on the data sheet. 
Codify results.and. determine Confirmed 
Test coliforms pei?" 100' m^ ^ 

V 

Stre^i'k- plate methods for the Confirmed 
JTest, us ing eosin niethyl^xe-i^ue-^ga^or 
^do a*^ir"platesi--Ai:e-a<r^pted proce 
in Standard Methods. The wibrker who 
prefers te.use one qfjhese media in 
preference to BGLB" (also approved in 
Standard Methods) is advised to refer to 
the current edition of "Standard Me'^thods. 
for the Examination of Water and Waste- 
water" ^for procedures. 
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IV TESTING TO CpMPLETED TEST STAGE ' 

(Note that this description starts with the - 
sample inoculation and proceeds throtigh the 
Presumptive and the Confirmed Test stages. 
In addition, the Fecal Coliform Test is 
referred to as an optional adjunct to the f 
procedure. ) ^ 

A First -Day Procedures 

1 Prepare a laboratory data sheet for the 
sample. B^cord the following information: 

• as signe4- laboratory nuthber, source of 
sample, date and tim*e of collection, 
temperature of the source, name of / 
sample collector, date and time of 
receipt of sample in the laboratory. 
Also show the date and time of starting 
•tests in the< laboratory, name(s) of 
worker(s) performing the laboratory 
tests, and the sample volumes planted. 

2 Label the tubes of ]auryl ti^tose broth 
required for the initial planting of the^ 
sample. The label should b^ar three 
identifying marks. The upper number 
is the identification of the workers)' ' 

performing the test (applicable to ' 
personnel in training courses), 
the number immediately below 1» tiie- 
assigned laboratory number, ccjrres- 
ponding with the laboratory record 
-sheet. The lower number is the code . 
to designate the sample volume and \ 
wl4ch tuhe of a replicate series is, ^ 
indicated. Guidance on labeling foV 
laboratory data number and identification 
of individual, tubes is describefd else- \ \a 
where in this outline. 



NOTE: If 10-ml samples are being, . 
plated, it is. necessary to use tubes 
containing tfie correct concentration 
of .pulture medium. This has previously 
been noted elsewhere in this outline 
and referral in made td tables. 

3 ^ Place the labeled culture tubes in an 

orderly arrangement in a cultxure tube 
rack, with the tubes intended for the 
largest sample volumes in the ft^ont 
row, and those intended for smaller 
- volumes in the succeeding rows. 

4 Shake the sample vigorouslyi approxi- 
mately 25 times, in an up-and-down 
motion. ■ . , 

5 Measure the predetermined sample 
volumes into the labeled tubes ollauryl 
tryptose broth, using care to avoid 
introduction of any bacteria into the 
cultxure medium except those in the 
sample. 

a Use a 10- ml pipet for 10 ml sampje 
portions, and I'^ml pipets for portions 
of 1 ml or less. Handle- steHle 
pipets only np4r the mouthpiece, 
and protect the delivery end from 
external contamination. Do not move 
I the totton plug in the mouthpiece 
Z.S this is intended to protect the 
user from ingesting any sample. * 



b When uaing the pipet to withdraw 
sample portions; do hot dip the 
pipet more than 1/2 inch into the 
sample; otherwise sample ruzuiing 
down the outside of the pipet will 

• make measurements inaccurate. 

c When delivering the sample into the 
culture medium, deliver sample 
portions of l^ml or less down into 



. 1 
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the culture t^xibe'near tl>e surface of 
the medium. Do not deliver small 
• ^mple volumes ut the top of the 
, tube and allow them to nm down 
inside the tube; too much of the 
sample will fail to .reach the culture' 
. medium. 

d Prepare preUminary^dilutions of 
samples for portions of 0, 01 ml or 
less before delivery into the culture 
medfum. See-TablF ^ Jor preparation 
of dilutions. NOTE: • Alway« -|dfaver 

' diluted sample portions into the 
culture medium as soon as possible 
' V after preparation. The interval _ 

^between prepai^tion of dilution and 
Introduction of sample into the 
medium never should be as much as 
30 minutes; 

6 After measuring all portions of the 
i^mple- into their rest>ective tubes of 
medium; gently shake the rack of 
inoculated tubes to insure good mixing 

^ of sample with the culture medium. 
. Avoid vigorous shakings as air bubbles 
may be shaken into the fermentation 
vials and thereby invalidate the test. 

7 Place the rack of inoculated tubes in 
the incubator at 350 + 0. 50C for 24 j- 
2 hours. 

B 24-hour Procedures 

I Remove the rick of lauryl tryptose broth 
* • cultiires from \he incubator, and shake 
< gently. If gas about to appear in the 
•'fermentation vials, the shaking will 
speed the process. 

2^ ^Examine each tube carefully. Record, 
in the column. "24" under LST on the 
laboratory data sheet,, each tube showing 
gas ,in the fermentation vial asja:;^positive 
^ (+) test and each tube not shoWT&ig gas 
as a negative (-> test. GAS lNp;NY 
Q^JANTITY IS -A POSITIVE TEST. 

3 Retain all^gas-positive tubes of lauryl 
tryptose broth culture in their place in 
the rack, and pi^ceed. 



4 Select the gas-positiye tubfes of lauryl 
tryptose broth cultur'e tot the Confirmeti 
Test procedures, Confirmed Test . 
proce dure s may not be re quire d for 

all gas -positive cultures. If, after 
24- hours of incubation, all five 
replicate cultures are gasrpositive for • 
two"or more consecutive sample 
volumes, then select "the set of five 
cultures representing the smallest 
volume of sample in which all tubes ^ 
were gas-positive. Apply Confirmed* 
Test procedures to all,the3e cultures 
' and to any other gas -positive cultiures 
representing smaller volumes of 
sample, in which, some tubes were 
gas-positive and some were^s- 
negati ve . 

5 Label one tube of brilliant green lactose 
\ bile broth (BGLB) to correspond with 

each tubeiof lauryl tryptose broth 
selected for Confirmed Test procedures. 

" ' ■ r 

6 Gently «hake the rack of Presumptive 
Test cultures. With a flame- sterilized 
inoculation le^p transfer one loopful of 
cultixre from each gas- positive tube to 
the* corresponding tube of BGtLB. Place 

* - each newly inoculated (iultwe into 
■ BGLB in the position of the Wiginal 
gas-positive tube. 
I 

7 If the Fecal Coliform Test is included 
in the testing procedure,* consult 
Section V of this Oqtline for details of 
thd testing procedure, 

8 After making ^e transfer, t^ie rack 
Should contain^ome 24- hour gas- 
negatiye tubes^f lauryl tryptose borth 
and the newly Lioculated BGLB. 
Incubate the rack of cultures at 350 C 
+ 0. 59 C for 24 + 2 holirjs. 



C 48-hpur I^ceflures 



1 Remove the rack of culture tubes from 
the incubator, read and record gas ^ 
production for each tube. • 

2 Some tub^ will be lauryl tryptose t)roth 
and some will be brilliemt green lactose 
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bi^c'broth (BGLB). sure to record 
results from LTBimderthe 48-hour ' ' 
LTB column and the BGLB results 
' under the 24-hour column of the data 
sheet.. • 

3 Label tubes of BGLB to correspond with 
all (if any) 48-hour gas-positive cultures 
in lauryl tryptose broth. Transfer one 
loopful of culture from each gas-positive 
LTB cultuY-e to the correspondihgly- 

• labeled tube of BGLB. *piOTE: All tubes 
of LTB culture which were negative at 
24 hoiu^s and became positive at 48 hours 
are to be transferred. The Option 
described above for 24-hour LTB 
cultures does not apply at 48 hours. 

4 Incubate the 24-hour gas-negative BGLB 
ttibes and any newly- inoculated tubes of 
BGLB 24 + 2 hours at 35© + 0. 50,C. 
Retain all'24- hour gas-positive cultures 
in BGLB for further test procedures. 

• ^ . 

5 Label a Petri' dish preparation of eosin 
^ methylene l?lue agar (EMB agar) to 

correspond with each gas -positive 
culture in BGLB. n 

6 Prepare a streak plate for colony 
isolation fr<im each gas-positive culture 
in BGI^ on the corre&pdhdlngly-labeled 
EMB agar pl^te . 

0 

Incubate the EMB agar plates 2< + 2 
Hours at 350 + 0. 50 C. 

D 72-hour Procedures * 

1 Remove the^ cultuires from the incubator. 
Some may be on BGLB; several EMB 
agar plates also can be expected. 

2 Examine &nd record gas production 
results for anyycultures in BGLB. 




Re.tain any gas-pdsitive BGU3 cultures 
and prepare strealrplate inoculations,^ - 
for colony isolation in EMB aga'r. 
Incubate the EMB agar pl&tes 24 + * 
2 hours at 35 + 0,5O C. Discard "file "''^^ 
gas-positive BGLB cultures after, 
transfer. T 



A Reincubate any gas-negative BGLB 
cultures 24 + 2 hours at 350 + 0. 50C. 
* « 

5 Discard all 48-hour gas-negative BGLB 
V cultures. 

6 Examine tl;e EMB agar plates for the 
type of colonic developed ther^eon. 
Well- isolated colonies having a dark 
center^<when viewed from the lower 
side, held toward a* light) are termed 

• ^'nucleated or fisheye'^ colonies, and 
are regarded as "typical'^ coliform 

V colonies. A surface sheen may or. may 
- ^ not'be i)resent on "typical" colonies. 
Colonies which are pink or opaqi^e but 

' are not nucleated are regarded as 

. "atypiciil colonies. " Other colony 
types are considered "noncoliform. " 

' Read and record results 9^ + for 
"typical" (nucleated) colonies + for 
"atypical" (non- nucleated pink or 
opaque colonies), and - for other types 
of colonies which might develop.^ 

7 With plates bearing "typical" colonies, 
select at least one well- isolated colony 
and transfer it to a correspondingly- 
labeled tube of lactose broth and to an 

^ agar slant. As a second choice, select 
at least two "atypical" colonies (if 
typical co^lpnies are not present) and 
transfejc-tiiem to labeled tubes of 
^ lactose Brofi and to agar slants. As a 
' tHird'choice, in the absence of typical 
or atypical c&liform-lijce colonies, 
select at least two well- isolated 
colonies representative of those 
appearing on th6 EMB plate, and trans- 
fer them to lactose broth and to agar 
slants. 



Inc]Ubate all cultures transfered from 
EMB agar plates 24+2 hours at 35 + 
0.50c. 



E 96- hour Procedures 

1 Subcultures from tHe samples being 
studied may include* 48-hour tubes 
of BGLB, EMB agar plates, lactose 
broth ttibes, and agar slant cultures. 
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2 If any 48-hou'r tubes of BGLB are 
present, read and record- gas production' 
in the "48" column under BGLB. From 
any gas-positive BGLB cultures pre- 
pare streak plate inoculations for colony 
isolation on EMB agar,. Discard all 
tubes of BGLB, and incubate EMB agar 
plates 24 + 2 hours at 35 + 0.5OC, 

• » 

3 If any EMB* plates are present, examine 
andVecord results in the "EMB" column 
of the data sheet. Make transfers to 
agar slants and to lactose broth from 
all EMB agar plate cultures . In 
decreasing order of preference, transfer 
at lea^t orfe typical colony, or at least 
tWo atypical colonies, or at least two 
colonies representative of those on the 
plate. 

4 Examine aod record results from the 
la ctos^ broth cultures . 

5 Prepare a Gram- stained smear from 
each of the agar slant cultures, as 
follows ; 

NOTE: Always prepare Gram stain / 
from, an actively growing culture, 
preferably about 18 hours old, $uid 
vnever more than 24 hours old. .Failure 
to observe this precaution often results 
in irregular staining reactions. 

a Thoroughly clean a glass slide to 
free it of any trace of oily film. 

b Place one drop of distilled water on 
the slide. ' 

c Use the inoculation needle to suspend 
a tiny amount of growth from the 
nutrient agar slant culttu'e in the 
drop of water. 

d H^ix the thin suspension of cells with 
the tip of the inoculation needle, and 
.allow the water ^ evaporate. 

e "Fix" the smear by gently warming 
the slide over a flame. 



g Flush the excess dye solution 
off in gently running water, 

h -Flood the smear with Lugol's 
fodine for 1 minute, 

i Wash the slide in gently running 
water, 

j Decolorize the smear with acetone 
alcohol solution with gentle agitation 
for 10-30 seconds, depending upon 
exlent*of removal of crystal violet dye, 

k Counterstain for 10 seconds with 

safranin solution, then wash in running 
\water and gently blot dry with bibulous 
paper. 

.1 Examine the slide under the microscope, 
using the oil immersion lens, Coliform 
bacteria^are Gram-negative (pink to r'ed 
color and nons pore- forming, rod-shaped 
cells, occurring singly, in pairs, or 
rarely in. short chains, 

m If typical coliform staining reaction and 
morphology are observed, record t in 
in the appropriate space under the "Gram 
Stain" column of the data sheet. If typical 
morphology and staining reaction are not 
observed, then mark'it+*or -, and make 
suitable comment in the"^' re marks" column 
at the right-hand side of^th^ata sheet, f 

n If spore -forming bacteria are obseWed, it 
-.will be necessary to repurify the culture 
from which the observations were made. 
Consult the instructor, or refer to Standai*d 
Methods, for procedures. 

At this pQint, it is possible that all cultural 
work for the Completed Test has been finished. 
If so, codify results and determine Completed 
Test conforms per 100 ml. i Q ' 



Stain the smear by flooding it for 1 
minute with ammonium oxylate-crystal 
violet solution. 
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F 120-hour Procedures and following: 

1 Any procedures to be undertaken from 
this point are "straggler*' cultures on 
• media already described, and requiring 

^ ' step- by- step methodology already given 
in detail. Such cultures may be on: 

' EMB plates, agar slant6«*or lactose ^ 
brothi^ The same time -and- temperature 
of incubation required for earlier studies 
applies to the ''stragglers" as do the ,^ 
observations, staining reactibns, and 
interpretation of results. On con- 
clusion of all cultural procedures, 
codify results and determine Completed 
Test coliforms per 100 ml. 



V FECAl. COUFORM TEST 
A General Information 



L. 



1 The procedure described is an elevated 
temperature test ^or fecal coliform' 
bacteria* 



r^^ 



2 Equipment required for the tests, are 
those required for the Presumptive 
Test of Standard Methods, a water-bath 
incubator, and the appropi:iate culture 
media. 

B Fecal CoHform Test with EQ Broth 

1 Sample : The test is applied to gas- 
positive tubes from the Standard 
Methods Presumptive Test (lauryl 
tryptose broth), in pai;».llel with " > 
Confirmed Test procedures. 

2 24-hour Operations * Initial procedures 
are the planting procedures described 

* for the Standard Methods Presumptive 
Coliform test, 

\ a After reading and recording gas- 
production on lauryl tryptose broth, 
temporally retain all gas-positive 
' ttoes. * » . 

b Label a tube of E>C Broth to corre- 
spond witii each gas*positlve tube 
' of lauryl tryptose broth* The option 
regarding transfer of Qnly 6i limited 



numben of tubes to the Confirmed 
Test sonietimes can be applied here. 
However, the worker is urgecH^ 
avoid exercise of this option until 
he has assured the applicability of 
the option by prelimbiary testb on 
the sample source. 

c Transfer one loopful of culture from 
' each gas -positive culture in laiiryl 
tryptose broth to the correspondingly 
labeled tube of EC broth . 

'J 

d Inc\|bate EC broth tubes 24 + 2 hours 
at 44. 5 X 0. 2°C in a waterbath 
with water depth sufficient to come 
up at least as high as the top of the 
culture medium in the tubes. Place 
in waterbath as soon as possible 
after inpculation and always within ^ 
30 minutes after inoculation. 

3 48-h6ur operations 

a ' Remove th6 rack of EC cultures 
from the waterbath, shake gently, 
and record gas production for each 
tube. Gas* in any quantity is a 
positive test. 

b As soon as results are recorded, ' 
discard all tubes* (this is a 24- 
hour test'for EC broth inoculations 
and not a 48-hour test . ) 

c Transfer any addltional^S-hour 
gas- positive tubes of lauryl tryptose 
broth to correspondingly labeled 
. tubes of EC broth. Incubate 24 + 
2 hours at '44.51 0.2OC. 

4 72-hour operations 

a Read and record gas production for 
each tube. Discard all cultures. 
/ ^ 

b Codify results and determine fecal 
coliform coW per 100 ml of sample^ 
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Examination of Water for Coliforifa and Fecal Streptococcus Groups 



TESTS FOR COUFORM GROUP 




QAi rosntVE oas neoaiive 

COLIFORM OROUr , COllK)XM OROUr 
CONFfltMED NOT CONFHtMED 



lACIOSi ft IA\|IYI TRYriOSE 
U01H ARE tNTERCHANOEAIll MEDIA 
AND ARE INCUBATED A1 35 DEO CI 
0 i DEO C 

OAS rOSniVCS 1UIES (ANY AMOUNI 
OF OAS) CONSTITUIE A rosiltVE 
rMSUMrilVE TEST 

TOIAl INCUIA1ION ItME FOR lACTOS^OR 
111 IS 41 NRS 1.3 NRS ^ 



INCUIA1E toil 1UIES FOR 41 NffS 
1 3 NRS At )S DEO C> 0 S DEO C 

MCUIAIi EM| OR ENDO AOAR ^ 
riATCS FOX U NRS 1 2 NRS A1 

3S DEO. C^ OS DEO C 




OAS NEOATtVE 
COUFORM OROUf 
AISEN1 



1RANSFU lO |M» nAlE 
AND R9EA1 noCESS 



COUFORM OROUr AISENf 



^ Part 3 

LABORATORY METHODS FOR FECAL STREPTOCOCCUS 
(Day-5y-Day Procedures) ^ 



GENERAL INFORMATION ' 

The 8£une saunpling and holding procedures 
apply as for the coliform test. 

The number of fecal streptococci in water 
generally is lower than the niunber of 
coliform bacteria*' It is good practice 
in multiple dilution tube tests to start the 
sample planting series witl> one sample 
increment.larger„"ywi for the coli6>rm 
test* For example; If a sample planting 
series of 1. 0, 0. 1, 0. 01, and 0.001 ml 
is planned for the coliform test, it is 
suggested that a series of 10, 1. 0, 0. 1« 
and.O. 01 jhl be planted ,fo^ the fecal 
streptococcus tes"l, ^ r 

Equipment required for the test is the same 
as required for the Standard Me^ods 
Presumptive and Confirmee^ Tests, except 
for the differences in culture media. 



STANDARD METHODS (Tentative) 
PROCEDURES - 

First-Day Operations 

1 Prepare th^ sample data sheet and 
labeled*tubes of azide dextrose broth 
in the same niaimgi: as fjpr^e 
Presumptive Test! NOTST If 10-ml 
S8unples are included in the series, be 
sure to use a special concentration 

-^(ordinarily doublerstrength) of azide. 
dextrose broth for these sample 
portions* 

2 Shake the sample vigorously, approxi- 
mately 25 times,,Jn an up-and-down 
motion. t 

3 Measure the predete^ihed sample 
volumes into the labeled tubes of azide 
desctrose broth^ using the sample 
measurement and delivery techniques 

. used for the Presimiptive Test. 



4 Shake the rack of tubes of inoculated 
culture media, to insure good mixing 
of sample- with mediimi. 

5 Place the rack of inoculated tubes in 
the incubator at 35© + 0. 5o C for 24 + 
2 hours. 

B 24-hour Operations 

1, Remove the. rack of tubes from the ^ 
incubator. Read and record the results 
from e^ch tube. Growth is a positive 
test with this test. Evidence of growth 
Consists either of turbidity of the 
fcedium, ,a **button" of sediment at the 
bottom of* the culture tube, or both. 

2 Label a tube of ethyl violet azide broth ^ 
to correspond with each positive cultm'e' - 
of azide dextrose broth. It may lA 
permissible to use the same confirmatory 

• transfer option as described for the 
coliform Confirmed Test, in this outline* 

3 Shake the rack of cultures gently, to ' 
resuspend cells which have settled ^ 
out to the bottom of the culture tubes. . 



Transfer three loopfuls or use a 
wood applicator to transfer 'culture 
from each growth-positive tube of 
azide dextrose broth to the correspo;id- 
Ingly labeled tube of ethyl violet azide 
broth. 

• * • 

As transfers are made, plVce the newly 
Inoculated tubes of ethyl violet azide. 
broth In a separate rack wh^le returning 
the' AD .tubes to their former positions 
In the rack. 

Return the rack, all azide dextrose 
broth tubes and newly-lnoculated^tiibes 
of ethyl violet a'afd^i^Ji^ to the in- 
cubator. Incubate 24 + 2 hours at 35* 
+ 0.5*»C. T 
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C 4'8-hour Operations ^ 

1 .Remove the t^aclTof tubes- from thi ^ 
incubator. Read^nd report results. 
Growth, either in azide dextrose broth 

• or in^thyl violet azide broth, is a 
positive test. Be. sure to report the ^• 
results of the azide dextrose broth 
medium under the "48" column for#iat 
medium and the results of the ethyl- 
violet azide broth cultures under the 
"24" column for that medium, 

2 Any 48-hour growth-positive cultures 
of azide dextrose broth are to be 

. • transferred (as before) to ethyl 

violet azide broth,* Discard sill 48-hour*' 
growth-negativfe tubes of azide dextj^ose 
broth and all 24-hbur growth-positive 
tubes of ethyl violet azide broth, 

3 Re-incubate the 24-hour growth-negative 
Ethyl Violet azide tubes after again re- 
inoculating with their respective positive 
Azide Dextrose tubes and the iffewiy- 
inoculated tubes of ethyl violet azide • 
broth 24 + 2^ours at 35^ + 0, 5«C. 

D 72-hour Gyrations 

1 Read and report growth results of all 
tubes of ethyl violet azide broth, 

2 Discard all growth -positive cultures 
and all 48-hour growth-negative 
cultures. ' . 

3 Reincubate any^24-hoQr growths-negative 

• cultures in ethyl violet azide broth after 
• reinoculating with their respective 

positive azide dextroses tube? for an 
additional 24 + 2^hours at 35« + 0, 5«C. 



E 96-hour Operations 

I Re^d and" report growth results of any 
^em94nmg tubeid' of ethyl violet azide 
broth. 



2 Codify results and determine fecal 
streptococci per 100 ml. 
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MEDIA AND SOLUTIONS FOR MULTIPLE DILUTION TUBE METHODS 



I INTiRODUCTION 

A This chapter is intended to present, detailed 
iriformation on preparation and management 
of media and solutions needed*with the tests 
and observations df scribed elsewhere in 
this course manual, , * 



The preparation and management of 
supplies of culture media and solutions 
is one t>f th^ most critical aspects of a 
bacteriological water quality testing 
program . ^ 

1 In the. same maimer that the chemist 
■relies on correctly prepared and 

standardized reagents •for" his analytical 
work,"* the bacteriologist must depend ] 
on satisfactory culture media for the 
type of analysis with which he is con- 
cerned. 

2 In many laboratories prep^Lration. of ' 
media- ds entrusted to subprof^sjsional 
personnel. Most such personnel, 
properly trained and:guided, si^e able 

to perform the required tasks efficiently 
and reliably, 



The professional supervisor should 
maintain close attention to all details, 
however, to guard against gradual 
iniroduction of bad habits, ki preparing 
and preserving media and other liquid 
supplies. 



n GENERAL INFORMATION^ 

A Use of Commercially Available 
Dehydrated Media 



1 The preparation of all, media described 
in this chapter is given in terms of the 



individual components, and preparation 
of the finished medium. This is done, 
even through commercially available 
dehydrated media'^are widely used, to 
acquaint the worker with the compo- 
sition of the media and to indicate the 
required specifications of each medium]^ 

2 The use of commercially available 
dehydrated media, requiring only 
careful weighing and dissolving of the 
powder in the proper quantity and 
^quality of distilled water, is strongly 
recommended. Such me'dia-are much 
*more likely to have uniformity at an 
acceptably high level of quality than 
are media compounded in the laboratory 
from the individual constituents. 

3 It is recommended that the worker, j 
i ^ when, using conimercially prepared - 

dehydrated media, keep a careful 
record of the lot numbers'of niedia 
being used. With first use of each , { 
, " new lot number of a given medium, it 
is suggested that the medium be Checked 

^ for stability, pH after sterilization, 
apd to see that performance is satis- 
factory. ■ While rare, an occ^isional 
lot, of medium will have some unforeseen 

' fault which reduces or destroys its 
effectiveness. Maintenance of lot 
number records on mejiium gives 
* opportunity for communication vfith , 
the manufacturer to deter nrine whether 
similar^problems are beirtg encountered 
in other laboratories. 

•B Quality of Geneoral Materials 



1 Distilled water 

Distilled water, or deminqralized water, 
is'Vequired, It must be free from . 



NOTE: 



Mention of commercial pro(IB^tVand manufacturers is for illustration and does not imply 
endorsement by the Environmental Protection Agency* \ 



W. BA, met. 19e. J. 78 
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Media mid Solutions' for Multiple Dilution Tube Methods 



dissolved_ine.tals or chloruie. Freedom 
from bactericidill constituents or gr6wth 
jjromoting substances should|^ dem- 
onstrated through laboraVory^sts. 
A procedure for this t^st is described 
elsewhere ii^tJais course manual, 

2 Beef extract 

Any brand of beef e':itract is acceptable, 
provided that i1? is "known to give re^sults 
acceptable fo the -user, MeatHnfusion 

* is not acceptaBig". 

' 3 Peptones • / 

* » • - 

. ,^ Peptones are soid' under a wide variety 
^ *of tra^e*^ names. Any peptone shown 
satisfactbry^y compa-rative tests with 
an acceptsible peptone, may be accepted.' 

4 Sugars? ' . . 

' All sugars must -be chertiically pure, 
' 'ahd smtable fon bacteriological medip^ 

5 Agar. ' " « * 

. Any form of bacteriologic-gratie of* . 
* ;?igar canbe'used. 

6 'General chemicals'" must be reagent 

. grade or ACS if used in culture media. 

Chemicals ^ised in the distilled water 
^ quality iest must .be of the highest purity 
available. 

7 Dyes 

X All dyes used in culture media must be 
certified by the Biological 'Stain 

* ; N^Commission; ^hey wijl be so labeled 

' on the ciontainer"^.^." 

c • 

C Quality of Equipment and Supplies Used 
fotn Preparation of Media . . ^ 

1 Glassware ^ ♦ 



lis recommended that all glassware 
be*of borosilicate glass. Such glass 
is not subject to release of soluble 
products into the culture medium, as 
with^some of the so-caile'd "spft glass." 



2 Balance 

A balance with sensitivity of + 2 grams 
)vi\h a load of 150 grams is the minimum 
acceptable standard for weighing of 
culture media in dehydrated form. 

3 pH rg^eter 

An electrometric meter is recommended. 
While a comparator block with pH 
indicator solutions is useful for such 
media as lauryl trypto^e broth, it 
cannot bh used satisfactorily with dye- 
containirig media such as -brilliant 
green ladtose bile broth. Therefore 
it is suggested that all pH control 
work on bacteriological media be done 
with an electrometric type of pH meter. 
Accuracy of the-meter should be es^ab- 
. lishecJ through calibration against a 
stendard buffer. , 

4 Autoclave 

The autoclave should be of sufficient 
size to permit loose packing of tubed 
media when normal load is being 
sterilized. This is to permit free 
access of steam to all surfaces. 

Operation should be such that sterili-zing 
temperature is reached in not more than 
30 minuter . ^ 

-» ' 

A pressure gauge should be present. 
More important, the autoclave should 
be equipped with £^t least 1 thermometer, 
* which should be located properly in the • 
exhaust line. ^ , 

Pressure regulation should permit 
operation up to and-including 121oC. 
when m'edfe containing carbohydrates 
are present, sterilization should be 
continued d.2.- 15^minutes; in -media. 
* not containing carbohydrates, normal 
^ sterilization time should be a standard 
15 mjnutes. 

After sterilization, media. should be 
removed from, the autoclave as soon 
as possible. In no case should an 
autoc^ve simply be turned off after 
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the usual exppsut'e^ to. steam under 
pressure, and allowed to stand until the 
following morning befdrre l^emoving media ♦ 

5 Utensils for mixing and preparing media 

Borosilicate glass i% suggested, but 
other materials, suchp.s stainless 
' steel, , porcelain (unchipped) containers, 
or other containlers free of soluble 
bactericidal or bacteriostatic materials, 
are acceptable. In any case, the con- 
^ . tainers must be thor/>ughly, ^^ean . 

' - • \ 
IE CONCENTRATION OF MEDIA 

A Basic formulas of all media described in 
Section IV are presented as single -strength 
' media. Most media are used in the single- 
strengtht concentration. 

B The cono^ntration of primary, inoculation 
media (media into which the measured 
portions of the originaj sample, are 
delivered) r^equires special consider;^tion. 

1 When the amount of medium is 10 ml or- 
greater, and the vplunxe of sample or 
sample dilution is 1 mlo^ less, then 

. single-strength medium is satisfectory. 
*' 

2 When the sample volume introduced 
into the primary inoculation medium ; 
is greater than 1 ml, then.it is necessary 
to |:ompensate ^for the diluting effect 

of the sample on the culture medium. 
In such cases, it i^ necessairy to 
increase the initial concentration of 
the medium so th^t after sample 
inoculation the concentration of nutrients 
in me3itim-plus-sample is equivalent 
•to the concentration of nutrients iUi the 
single strength medium. 



20.0 g 

.5.0 g 
2.75 g 

2.75 g 



2 Composition: 

tryptose (or Trypticase 

or equivalent) 
Lactose 

Dibasic Potassium 
Phosphate (K2HPO4) 
Monobasic Potassixun 
Phosphate (KH2PO4) 
Sodium- Chloride > 
Sodium Lauryl Sulfate 
(Total Dry Constituents 
DistiUercM^at^ 

Sterilization: 12 - 15 minutes at i21oc 
Reaction^after sterilization: pH 6.8 
approximate ly ) 



Compensation for diluting effect 6i 
samples 



5.-0 
^1 



35". 60 g) 
1000 mr 



No, ml Ml of 
pnedium sample or 
in tube dilution 



Nominal No. grams 

concentra- dehydrated 

tion before medium p^r 

inoculation liter 



10 


0. 1 - 1.0 


Ix 


35 


6 


10 


10 


2x 


* 71 


2 


20 


• ID 


1. 5x 


53 


4 


35 


100 


4x 


137. 


3 



B_Erilliant Green Lactos^ Bile Broth 
I'-^se: Confirmed Test 
2 Composition 

Peptone (Bacto or equivalent) 10. 0 

Lactose * 10. 0 

Ox^ll (dehydrated) 20. 0 

Brilliant Green' 0. 0133 g 

(Total weight dry constituents 40. 0133 g) 



g 
g 
g 



Distilled'Water 



1000 



ml 



IV PREPARATION OF MEDIA AND SOLUTIONS 

A Lauryl Tryptose Broth (Lauryl Sulfate Broth) 

• 1 Use: Primary inoculation medium in 
Presxunptive Test 



Sterilization: 12 • 15 mijiutes at 121oc ' o 
Reaction after sterilization: pH 7. 1 to 7*4 



0» 
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C Eosin Methylen^lue A^r (Levine^ 
Modification) 

. I Confirmed Test 

Use: ^Isolation 6f colilorm-lilce 
colonies as a preliminary to 
Completed Test procedures.^ ^ 



• '2' Composition 



X 



g 
g 
g 
g 



Peptone (Bacto or equivalent) 10 

Lactose ' - 10 
Dipotassium Phosphate (K HPO.) 2'' 

Agar ' , ' . ^20 

Eosin Y . 0:4 g 

Methylene ^^lue - 0; 65 g 

^^(Tdtal weight' dry constituents 43/05 g) 

Distilled Water - 1000 ml 

Sterilization: \2 minutes at i2loc 

3 Special suggestions on preparation: 

a This medium can be prepaf^ed and 
dispensed into bottles or flasks in 
portions of 10^ ml or 200 ml each. 
The sterile medium may be stored 
for extended, periods in cool places 
out of the light. 

b When ready Jor use of such medium,? 
the' medium should be melted by 
immersion of the bottle of prepared 
medium in a boiling water bath, 
after which it is dispensed into, 
sterile Petri dishes in portions of 
approximately 15 ml. After cooling 
and solidifying in the Petri dish, th^ 
medium is reacfy for use. It should 
be jised preferably on the day it is 
poured into Petri dishes, but can be 
^ stored for a day or two in the 
refrigerator. 



solution is delivered with a pipet. 
The medium is^mixed thoroughly, 
, poured into Petri disbes, and used 
^ %s previously described. " 

D Agar Slants . — 

1 Use: This medium is used in the 
Co-mpletedTest, to cultivate pure 

, cultures of strains of bacteria being 
cultivated in preparation of a Gram- 
- stained. -smear. 

2 Composition: The medium is autrient / 
agar " 



c J An> alternate method of preparing 
this medium requires preparation 
the agar base- medium which 
includes aHHh^ constituents ' 
of the mediunxgxcept the ^es. ^ ^ 

J When ready to use such a preparation,* 
'the agar ba'se medium is melted in 
a water bajh, and to each 100 ml of 

~the melted agar base medium, 2 ml 
of 2% of^aqueQus solution of epsin Y 
and 1. 3 ml of 0. 5% methylene blue 



Pejptone 
Belf extract 
Aglr 

(Total weight dry 
constituents »^ 

Distilled Water 



5.0 g 

3.0 g 

15.0 g 

23.0 g) 



1000 ml 



Sterilization; 15 minutes at 12loc 

Reaction after sterilization: .pH 6.8' 
approximately , * 

3 Special iifstructions: Dissolve the con- 
, stituents, using heat as neede'd: dispense 

in amounts of approximately 8 ml per 
, tube. Screw-capped tubes extend shelf 
life of the medium. After sterilization, 
remove the melted'medium from the 
.autoclave and place in a slanting 
position until the fnedium haa'jDecome 
solidified. A routine procedure should 
be established so that a uniform volume 
of medium and a uniform surface of 
slanted medium be present in each tdbe. 
While this has no particular bearing on 
Standard Methods procedures^ cerrfcain 
other laboratory procedures do. require 
uniform exposed surf^ice area of the 
slanted medium. 

E Plate Count A garv ^ ^- 

1 Use: This medium is used in the 
distilled waterHest. It is npt used in 
other Standard Methods procedures 
described in this course manual. 



66 



Media and Solutions for Multiple Dilution Tube Methods 



/ 



2 Composition: (Tryptone Glucose • 

Yeast Agar) 

.Peptone-tryptpne {or equivalent) 5.0 g 
• Yeast ejctract ' 2 , 5 g 

(^ucose (dextroare) ' 1.0 g 

Agar 15. 0 g < 

' (TTotal weight- .dry constituents 23 . 5 g \^ 

Distilled WMer ' 1000 ml 

Sterilization: 15 minutes at 1210C 

Reaction after sterilization: pH 7 . 0 + 
-0.1 

3 Special instructions in preparation: 
Use heat as needed to dissolve and 
melt the constituents. Dispense t^e 
mediuAi in flasks ox bottles in portiohs 
of 100 or 200 ml each and sterilize. In 
this state it can be preserved for many 
^months, provided that it is protected 
from evaporation of the water. 

When reacty to use* melt the tnedium 
by ^heating, and cool to 45od. "At this 
temperature the medium still should 6fe ^ 
- * melted/ and will be satisfacotry iot 
preparation of pour plates fdr plate , 



I 



counts, 
F EC Brotl\ ^ 

r *i , 

1 Use: Test for %cal^coliform bact^ri^v ; 
?_^om^ositioiu>^ . ' ^ , 

Tryptone l(Bactb or' equiya^t) * 2 0. 0 g . 
Lactose' ' * , 5.0 

•Bile Salt^{Bacto'#3 OTl^^ui\^*ent)/ 1.5 g ^ 

^ Dipditessium iJhosphatetKgK^^O ) » 4.0 g ^ 

Moribpotassium JSljiosptiate (^Ho^Oyi)' ^1.5 g 

Sodium'chlortde ^ #^ * 



g 

^ *-^(Total;^veigh|:dry co^iOTLtuehis ; , ^^7.0 .^) 
/Distilled Water*. / ' - ^ 1000 ml 
^--Sterilizatioh: 'l2 - 15 minutes at 121oc * 
Reaction after*steriliza1iomo pH 6. .9^ , ^ ' 



3 This medium is dispensed into culture 
tubes with invertedlfer mentation vials . 
and suitable caps, ^ ^ . 

G Azide Dex4??>se Broth 

*. 

1 Use: Priniary' inoculation medium for 
fecal streptococcal presumptive test. 

2^yOomposition: ^ , . . 

Beef extract • ^ 4.5 g 

-Tryptone or Polypeptone 15. g 

Glucos'e 7 . 5 g 

Sodium chloride 7.5 g 

Sodium' a zide '* . 0. 2 g 

(Total dry constituents^ 34.7 g) 



Distilled Water 1000 ml / 

Sterilization: 12 - 15 minutes at 121oC 
Reaction after sterilization: about pH 7.2^^ 



3 Fermentation vials are not used with 
azide d^trose broth. 



H Ethyl Violet Azide Broth 



••1,' Use: Confirmed ^est for fecal 
streptococci 



2 Composition: 



20 g 
5 g 
5 g 
2.7 g 

. 2.7^g 



Tr^tone o^ 'Biosate 
f , GiucosT^ . * 

Sodium chlo3?ide 
{ f>ptassii/n^.pho§pha^p^ , 
' * . dlabasic (k^KPO^\ 
P otas s ium'^phosphate , 
^ ' ' inpnobasip (KHg^O^) 
Sodium a.zide^ 
^EthyJ violet (certified dye 
if "ayaJLlable) " ^ ' 
\ (Tofel dry constituents 35,8 g). . 

£)istilled Water _ lOOQf ml 

'\ fterilization: - 15 minutes at 121oC 

Reaction after sterilization: about pH 7 



0.4 g 
. 00083 g 
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Media and Solutions for-MuItipteJ)Uution Tube Methods '_ 



■ w 



3 Fermentation Vials are liot used with 
ethyl, violet azide broth. 

I Buffered pilution Water ' 

• 1 Use: Preparation of sample dilutions 
^ preliminary to primary inoculation, in 

membrane filter work, and in plate 

coiiKts. 

2 Composition 

^ Stock phosphate buffer solution 



Monobasic Potassium 
Phosphate (KH^PO^) 



Distilled Water 




34,0 g 



goo ml 



IN NaOH solution (about 175^ ml) 
to give pH -7. 2 

Distilled^wSter sufficient to bring final 
volume to 1000 ml 

b Working ablution of phosphate bufftered 
.. . distilled' water . * ' ^ 

"Stock phosphate buffer solutixTA 1. 25 ml * 



Distilled water 



1000 ml 



.3 Preparation arid handling: 



Stdck solution: Aftfer preparation the 
stock solution should be stored in the 
refrigerator until u'se • If at an/ tirade 
evidence o{ mold or other cpntam- 
inatioji ap^ear^, the -stock .solution 
should be discarded and a fresh 
srolution prepared* 

W^rkmg solution: Dispense the 
required amount into, distilled water, * 
and deliver intp screw-capped bottles 
for dilution water-: The amount added 
should be. such that, after sterilisation, 
the bottles will contain 99 + 2 ml of 
the dilution water>» Ordinarily this 
requires initial addition of 2ipproxi*?>." • 
mately 102 ml of the solution prior 
to sterilization./ . 



c Sterilization is 2^ minutes at 
121fOC. 

d Tightly stoppered bottles of the 
* s dilution water, protected against 
evaporation, in suitable colitainers, 
ap^ar to last indefinitely. 

Solutions for Gram Stain 

1* Ammonium oxalate crystal violet "\ 
. solution: ^ 



K 



a Dissolve 2 g crystal violet 

(approximately 85% ^ye -content) in 
20 ml of 95% ethyl alqohdl. 

b Dissolve 0. 8 grams animonium , 
oxalate in 80 ml distilled water. 

c Mix solutions a and b. , 

d Filter through cheesecloth or coars^ 
filter paper. 

e Problems with the gram stain * 
' technique. freq.uently are traceable 

to the ammonium oxalate ^crystal 
' violet solution. In the event that 
* ' decoloriz^tion does not seerii satis- 
factory, the amount 'of crystal violet ^ 
in tjae solution can be r^xhiced Jfco as 
little as 10% of tjie recommended 
amount. 

Lugol's iodine: Dissolve 1 g iodine • 
crystals and 2 g potassium iodide in 
the least amount (usually about 5 ml) 
of distilled water in which they are 
soluble. After all crystals are in 
solution, add sufficient distilled water 
to bring the final, solution 'to a volume 
'of 300 ml.* 

Counter stain: Dissolve 2. 5'grams of 
. safranin in 100 nil of 95%^ ethyl alcohol. 
For the working solution of. counter stain, 
add K) ml of thi^ solution of safranin to 
100 ml of 'distilled water"" 
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Media and Solutions for Multiple Diiution Tube Methods 
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USE OF TABLES OF MOST PROBABLE NUMBERS 
_ . o ^ ' Part 1 



B 



I INTRODUCTION 

A Using probability mathematics^ it is 

possH)le to estimate the utilnber of bacteria 
producing the observed result for any com- 
bination of positive and negative results 
in* dilution, tube tests. Because the 
compiil|iStong are so repetitious and time- 
consuming, it is common Uiboratory 
practicS^to use Tables of Most Probable 
Nimibers. These tables ar^ orderly 
arrangements of the possible cultural 
results obtainable from inoculating various 
sample increments in differential culture 
media. Each possible combination" of 
positive and negative tube results is 
accorppanied by the result (MPN) of the ^ 
calculated estimate and the 9S% confidence 
limits of the MPN. 



The Tables 'of Most Probable Numbers 
used in the current (14)'fedition of Standard 



Methods for the examination of Welter and 
Wastewater were developed by Swaroop. ti) 
Previous editions of Standard Methods have 
used the tables prepared t>v Hoskins.^^) 

1 Most of the tables are based on using 
3 sample volumes in decreasing decimal 
increments. Thus, the systems are 
based on using voliunes of 10 ml, 1.0 ml 
and 0. 1 ml, etc. Other quantity 
relajionships^can be used, such as 
50 ml, 10 ml, and 1.0 ml in a table. 
Tables of Most Probable Numbers can*^ 
be prepared for any desired series of 
sample increments. 

In addition,* tables can be devised^for 
different nuoibers of replicate 
inoculations of individual sample 
volumes. For example, the MPN f 
Table most commonly used in the 
laboratories of this agency is based 
on five replicate 10 ml -portions, five 
1. 0 ml portions, and five 0. 1 ml portions. 
A separate table is required for ariotlier 
cornbinatior^of sample volumes, con- 
sisting of five replicate TO n^l,. portions. 



one 1. 0 ml portion, and one 0. 1 ml 
portion. This is popular in bacteri- 
ologicaPpotability^te^s on water. 
MFN Tables can be prepared for any 
desired combinations of replicates of 
the sample i^jcrements used in a--^ 
dilution tube sej;ies. 

' "J 

3 An approximation of the MPN values 
shown in the Tables can.be obtained 
by a simple calculation, developed by 
Thomas. The formula and 
application of this calculation is shown 
on a later page of this chapter. 

The method of using a Table of Most ^ 
Probjable Number^s^ described here, 
based on the table for five 10 ml portions, 
five 1. 0 portions, and five 0. 1 portions. 
The principles^apply equally to the other 
tables presented in the current edition of 
Standard Methods for the Examination of 
Water and Wastewater. j 



U DETERMINING .THE MOST .PROVABLE 
NUMBER 

..I 

A Codifying Results of the Dijution Tube 
Series 

If five }Q.ml pprtions, five 1. 0 ml portions^ 
and five 0. 1 ml portions are inoculated 
~ initially, and positive results are secured 
from five of the^^lO ml portions, three of 
the 1. 0 ml portions ajid none of the 0. 1 ml 
portions, then the codec^ result of the test 
is* 5 3-0. The code can be looked up in 
the MPN Table, and the MPN per 100 ml 
is recorded "directly. If more than the 
above three sample volxunes are to be 
considered, then the determination of the 
cocied result may be more complex. The 
examples described in Table 1 are useful 
guides for selection of the significant series 
of three sample volijmes.^ 
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Use of Tables of Most Probable Numbers 




Table 1. EXAMPLES OF CODED RESULTS 



iNO* mi sample per xuDe ^ 
No. tubes ^er sample vol. 


1 on 
5 


* 1 n' 
5 


1 n 
5 


0 1 

5 


0 01 
5 


0 001 
5 




See Below 


No« tubes in sample giving 
positive results in test 


• 5 


5 
5 


4 
4 


1 
0 


0 


- 0 


5-4-1 
5-4-0 


(1) 






4 


1 


0 


0 


0 


4-1-0 


(2) 






5 


4 


1. 


1 


0 


5-4-2 


(3) 








5 


5 * 


4 




5-5-4 


'(4) 






5 


5 


5 


5 




5-5-5 


(5) 

/ 

(6) 






0 


0 • 


.0 


0 




0-0-0 






0 


•1 


0 . 


0 




0-1-0 


.(7) 






1 


0 


0 


0 




1-0-0 


(8) 



Discussion of examples: 

1 When all the inoculate d»tubes of more 
than one of the decimal* series give 
positive results, then it is customary 
to select the smallest sample volume 
(here, 10 ml) in which all tubes gave 
positive results. The results of this 
volume and the next lesser volumes ^ ' 
are used to determine^the coded, result. 

2 When none of tfie sample volumes give 
positive results in all increments of 
the series, then the results obtained 
are used to designate the code. -"Note 
that it is not permissible to-assume 
that if the next larger\increment had 
been inoculated, all tubes probably 
would have given positive results and 
ther.efo^re, aissign a 5-4-1 dode to the 
results., . > ) 

3 Here the results are spread through 

^ four pfjthe sample volumes. In such 
cases, the number of positive tubes in 
the smallest sample volume ^is added 
to the niimber of tubes in the third 
sample volume (counting down from the 
smallest sample volume in which all 
tubes gave positive results). 



A 



Here it is necessary to use the 5-5-4 
code, because^oclQations were not 
made of 0. 001 ml sample volumes; 
and it is not permissible to assume 
thatoif such sample volumes had been 
inoculated, th^ would have'given 
negative results, or any other arbitrarily 
designated result. 

This is an* indeterminate result. Many 
MPN^tables do not giVe a value for such 
a result. If the tabl^^used does not 
Ijave the code, then look up the result 
for code 5-5-4^ and report the result 
"greater than" the value shown for the 
5-5-4 code. The first number of the 
5-5-4 code is based on the 1. 0 ml 
sample volume. 

Like (5), this is an indeterminate 
result. If the code does not appear jin 
the table being used, then look. up the 
result for code 1-OrO, and report the 
MPN as "less than" the value shown 
for the 1-0-0 code. 



The current edition of Standard 
Methods stipulates this type of code 
designatioii when tmusual results 
sudh as this occur. 



Use of Tables of Most Probable Numbers' 



8 Note the difference from (7) above. _ 
Inoculations of 100 ml portions were 
not^made^ and it cannot be assumed 
that the result would have 'called for 
code 0-1-0. 

B Computing and Recording the MPN 

When the dilution tube results have been 
' codified, they are read and recorded from 
the appropriate MPN Table. 

1 If, as in the first four of the examples * 
shown under (A) the first number 

in the coded result represents a 10 ml 
sample volume, then the MPN per 100 m 
is read and recorded directly from the 
appropriate colunan in the table, 

2 On the other hand, if the first number 
in the coded result represents a sample 
vcftttnnte other than 10 ml, then a 
calculation is required to give the 

^^corrected MPN. For example (4) xmder(. 

^above, the first "5" of thfe 5-5-4 code 
represents a sample volume of 1« 0 ml. 
Lx)ok up the 5-5-4 code as if the 1. 0 ml 
volume actually were 10 ml, as if the 
0.^1 ml volume actually were 1.^ ml 
and as if the 0. 01 nU volume actually 
were 0. 1 ml. The MPN obtained (1600) 

then is multipliedby-a factor of 10 to - 

give the corrected value. A simple ^ 
form\ila for this type of correction is 
sljown on a later page of this chapter. 



m PRECISION OF THE MPN VALUE 



A The -current edition of Standard MethodS 
shows for each MPN value, the 95% 
confidence limits for that value. This 
draws attention to the fact that a given 
MPN^value is not a precise measurement, 
but an estimate. The 95% confidence 
limits me^ns that the pbserver will be 
correct 95% of the time when he considers 
that the actual number of cells producing 
the observed combination of positive and 
negative tubes was somewhere between . 
the stalled upper limit and the stated 
lowter limit* 

B Th^ greater the number of r^plica^es of 
each sample volume in a dilution series, 

^ the greater the precision (in other words, 
the narrower the limits of the 95% 
confidence range) of the test. The 
precision of results, based on numbers 
of tubes inoculated per sample volume, 
.is shown in Table 2. 

(4) 

C Woodward and other workers have 
studied the precision of the MPN in . 
detail. Such reports should be studied 
by those desiring further infoximation 
regarding the precision of the MPN test. 



Table 2, Approximate Confidence Limits for Bacterial Densities as 
Per Cent of MPN as Determined from Various Numbers of Tubes 
in Three Decimal. Dilutions* 



s 
if 



Number of tubes 




50% 


* 7H ' 




80% 




90% 


95% 


in each dilution 


Lower Up'per 


Lower Upper 


Lower Upper 


Lower Upper 


Lower Uppje: 


. 1- 


33 


186 


18 340 


15. 


402 


10 


637 


6.5 955 


2 


47 


,160 


31 246 


27 


276 ^ 


20 


383 


1*5 511 


3 


53 


150 ' 


38 215 


. 34 


237 


• 26 


311 


21* 395 


/ - 5 


64 


139 


49 182 • 


46 


196 


• 37 


'241 


289 


' S9 


' 76* 


127 ^ 


63 " 152 


• 60 


' 160 


52 


184 


46"^ ^08 



*The interpretation of these-figures is as follows: When MPN estimates are 
made on the basis of dilution tests using one tube in each of three decimal 
dilutions, you will be right 50% of the time if you say^that the true bacterial 
density is between 33% and 186% of the MPN, If you had used 5 tubes in each 
dilution you could reduce this intervalto from 64% to 139% of the.MPN and still 
be right 50% of the time. If a greater certaiqty were desired, say 95%, you 
would haye to widen this inte^rval to from 31% to 289%, 
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IV OCCURRENCE OF IMPROBABLE TUBE 
RESULTS 

A Many of the theoretically possible tube 
results are omitted from the MPN Table. 
For exaftiple, codes 0-0- 3, 0-0-4, and 
0-0-5 are not included as well as many 
others. These are omitted, because, in 
the opinion of the authors of the tables, 
the probability of occurrence of such 
results is so low as to exclude them from 
practical consideration. 

B The frequency of occurrence of various 
code results is shown in the Table 2 both 
on a theoretical basis and on the basis of 
actual laboratory experience. 



C From the MPN tables, it can be inferred 
that the codes omitted from the MPN 
Table can be expected to occur up to 1% 
of the time. If, in reviewing laboratory 
data, the theoretically imlikely codes 
occur appreciably more than 1% of the 
time, there* is-an inditation foit inquiry 
into the causes. Such results' can occur (1) 
as a consequence, of faulty laboratory 
procedures, or (2) as a result of 
* . extraneous influences in the samples.' 

D The current edition of Standard Methods 
does not include MPN values for many 
rare combinations listed in previous 
editions. By pruning out those codes listed 
as Group IV in Table 3, ihe table has been 
considerably 'condensed* Table 4 suggests 
maxiinum permissible numbers of samples 
for various numbers of samples tested. 



Table 3 

FIVE-TU*E AND THREE-TUBE CODES*THAT. 
INCLUDfts 99 PER CENT OF ALL RESULTS 



Group ' 


Theoreracally Ex- 
pected pVcentage 
of Redblts 


Theoretically Ex- 
pected Cumulative 
Percentage 


Observed Percentage 
of 360 Samples 




Five-Tube-Test 


Class 1 codes 
550, 551, 552, 553, s 
554, 500, 510, 520, 
530, 540, 100, 200, 
300, 400. 


' 67.5 




——-68.0 


Class 2 codes * 
511, 521, 531, 541, 
542, 110, 210, 310, 
4 IP, 420. 


\ 

23.6 


* 91. 1 


23. 1 


Class 3 codes 

501, 010, 532, »20, 
' 522, 220, 543, 430, 

120, 533, 330, 502,' 
' 020, 544, 440, 301, 

401, 431, 201, 411, 

101, 311, 421, 211, 

001. 


■ 7.9 


<^ 99.0 


7.5 ' 


Improbable codes 


1.0 


100. 0 


1.4 




Three-Tube Test 


1 Class 1 codes 

380, 331, 332, 300, 
310, 320, 100, 200. 


81.5 


81.5 


81.7 


Class 2 codes 
321, 311, 301, 210^ 
110, 010. 




96.4 


14. 1 


Class 3xodes 
322, 220, 201, 101 
312, 120. ' 


2.7 


99. 1 


3.7 ■ 


Improt>able codes 


0.9 


. ICfD.O 


0.6 
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. Table 4, 

MAXIMUM PERMISSIBLE NUMBERS 
vOF IMPROBABLE CODES FOR VARIOUS 
^JTOMBERS OF SAMPLES TESTED 



.Number af 
^ Samples 



Maximum Number 
orimprobable Codes 



> 













• 1 - 


15 




1 




16 - 


• 45 




2 




46 - 


83 




3 




*84 - 


130 




4 




131 - 


180 




5 




181 - 


233 




6 




234 - 


290 




7 




291.-. 


350 




8 




351 - 


413 




:8' 




414 - 


477 




10 




478 - 


543 




. 11 





^ Table 5 is from International standards 
• * for Drinking-Wter, published by the World 
Health Organization, Geneva ^958). The 
last three values, not shown in the WHO 
publication^ *are from Woodward, "How 
Probable is the .Most Probable Number.^) 

F Several theoretically possible combinations 
of positive tube results are omitted in 
Table 5, These combinations are omitted 
because the statistical probability of 
occurrence of any of the missing results 
is less than 1%. If such theoretically 
unlikely tube combinations occur in more 
than 1% of samples, there is, need for 
review of the laboratory procedures and 
of the nature of the samples being tested. 

Whan tHe series of decimal dilutions ife 
other than 10, 1.0 and O. l^i, use the 
MPN in Table 5, according ta the following 
folrmula: \ 



acample: From a sample of water, 5 out 
oi five 0.01 - ml portions, 2 out of five 
0, 001 - ml portions, and 0 out of five 
0, 0001 - ml portions, gave positive 
reactions. 

From the co^e 5-2-0 in the MPN table, 
the MPN index is 4"^ " 



49 



(from' table) ^0.01 



10 



= 49, 000 



MPN Index = 49, 000 

A simple approximation of the most 
probable numbeK may be obtained from 
the following fcynnula (after Thomas): 

MPN/ 100 ml = 

.No. of Positive Tubes X 100 

No. of ml in negative tubes) X(No, of ml 
* in sill tvibes) 



Example: From a sample of water, 5 out 
of five J,0 - ml portions, 2 out of five^ 
1. 0 ml portions, and 0 out of five 0. 1 ml 
portipns gave positive results. 



MPN/ 100 ml = 



t X 100 



50.22 



(3.5)X(55.5) 



MPl^/100 riil*= '50' 

Note that the MPN obtained from the table 
on the preceding pages with these tube 
results is 49'. "Most probable numbers 
computed by the above formula deviate 
from values given by the usual jnethods 

amounts which ordinarily are 
insignificant. Tiie formula is not . . . 
restricted as to the number of tubes , 
and dilutions used — " (Thomas) 



MPN 



10 



\(from table) Largest quantity tested 

\ ♦ 



= MPN/IQO ml 
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Table 5. MPN INDEX AND 95% CONFIDENCE LIMITS FOR VARIOUS 
COMBINATIONS OF POSITIVE AND NEGATIVE RESULTS WHEN FIVE 
10-ML PORTIONS,, FIVE 1-ML PORTIONS AND FIVE 0. 1 ML PORTIONS 
ARE USED ' . *' ' 



\ 



No. of Tubes Giving 




95% Con- 




No. of Tubes Giving 




95% Con- 




Positive Reaction out of 


MPN 


fidence Limits 




Positive Reaction out of 


fidence Limits 










Index 


_ - 












Index 


































5 of 10 


5 of 1 


5 of 0. 1 


per 


Lower 


Upper 




5 of 10 


5 of 1 


5 of 0. 1 


per 


Lower 


* Upper 




ml Cach 


ml Each 


ml Each 


100 ml 








ml Each 


ml Each 


ml Each 


100 ml 








0 


0 


.0 


<2 
















*9 






' 0 


0 


1 


2 


<0.5 


7 




4 ^ 


2 


1 


26 


78 




0 


1 


0 


2 


<0.5 


7 




4 


3 ' 


0 


27 


9 


80 




0 
1 


2 
0 


0 
0 


4 
2 


<0.5 
<0.5 


11 
7 




4 1^ 
4' 


3 
4 


1 
0* 


33 
34 


11 
12 


93 
93 




1 


0 


1 


4 


<0.5 


11 




5 


0 


0 


23 


7 


70 






1 


0 


4 


<0.5 


11 




5 


0 


1 


31 


11 


• 89 




\ 


1 


1 


'6 


<0.5 


15 




5 


0 


2 


43 


15 


110 - 






2 


0 


- 6 


<0, 5 


15 




5 
5 


1 
1 


0 
1 


33 
46 


1 1 
16 


120 




2 


0 


0 


5 


<0.5 


13 




5 


1 


2 


63 


21 


150 


> 


2 


0 • 


1 ' 


\ 7 


1 


17 


















2 


1 


0 


7' 


1 ' 


17 




5 


•2 


0 


'49 


17 


130 




2 


1 


1^ 


' 9 


2 


21 




5 


2 


1 


70 


23 


170 




2 


2 


0 


9 ' 


2 


21- 




5 


2 


2 


94 


28 


220 




2 




12 


3 


28 




5 


3 


0 


79 


25 


190 
















5 


3 


1 - 


110-- — 


L3I 


250 




Z ' 


1 o£r 


0 


8 


1 


19 




. 5 


3 


2 


140 


37 


340 




3 ' 


0 


1 


ir 


2 


, 25 




5 


3 


. 3 


180 , 


44 


500 




3 


1 


0 


11 


2 


25 




5 


4 


0 


130 


35- 


300 




.3 


1 


1 


14 


4 


34 




5 


4 


1 


170 


43 ' 


490 




3 


2 


0 , 


*14 


4 


34 




5 


4 


2 


220 


57 


700 




3 


2 


1 


17 


5 


46 




5 


4 


3 


280 ^ 


9*0 


850 




3 ^ 


3 


0 


17 


5 


46 




5 


. ^ 


4 


350 


120 


1, 000 




4 


0 


0 


13 


3 


31 




5 




\ ; 


240 


68 


750' 




4 


0 


1 


*17 


5 


46 




5 


5 




350 


120 


1, 000 




4 


1 


0 


17 


5 


46 




5 


5 


2 


540 


180 


1, 400 




4 


1 


1 


21/ 


7 


63 




5 


5 


3 


920 


300 


3,200 




4 


1 


2 


. 36 


9* ' 






5 


5 


4 


1600 


640 


5, 800 




4 


2 


0 


22 


7 


67 




' ■ 5 


5 


5 


?2400 









7r^ 
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Table 6.. MPN AND 95% CONFIDENCE LIMITS FOR-^RIOUS 
COMBINATIONS OF P OSITI VE RESULTS IN A PLANTING 
SERIES OF FIVE 10 -ml PORTIONS OF SAMPLE 



No. of Positive Tubes Out of: 
• 

Five 10 -ml Tubes ' 


MPN per 

100 mlr' 


Limits of MPN 


Lower 


, Upper 


0 


2. 2 


0 


6.0 ' 


1 


2. 2 


0.1 


12. 6 


2 


5. 1 


0.5 
* 


i9. 2 


* 3 


9. 2^ 


1.6 


29.4 




16.0 


3.3 


52.9 


^ 5 


> 16 


8.0 ^ 


i 



T^le 7. MPN AND 95% CONFIDENCE LIMITS FOR VARIOUS 
COMBINATIONS OF POSITIVE RESULTS IN A PLANTING SERIES OF 
. FIVE 10 -ml, ONE 1-ml, AND ONE 0. 1-ml PORTIONS OF SAMPLE ^ 



^— — 

No. of Positive Tubes Out of: 


" MPN 
per 
100 ml 


Limits of MPN 


V 


Five 10 -ml 
Tubes 


One 1-ml 
Tube 


One 0. l-ml 
Tube 


Lower 


Upper 


0 


0 


0 


<2 ' 




' 5.9 




0 


• 1 


0 


2 


0.050 


13 




1 


0 


0 


2. 2 


0.050 


13 




• 1* 


1 


0 


4.4 


0. 52 


14 




. 2 


0 


0 


5 


0. 54 


49 




2 


1^ ^ 


0 


7. 6 


. 1.5 


19 




3 


• o' 


0 


^8.8 


1. 6 


29 




3 


1 


0 


12 


3. 1 


. 30 


P 


4 


0 


0 


15 


3. 3 


"46 




4 


0 


• 1 


20 


'5. 9 


48 






• ' 1 


0 


21 - 


6.0 


53 




5 


0 


0 


38 . 


6.4 


330 






0 


1 


96 . 


12 


370 




5 


1 


0 


240 


12 


3700 




5 


1 \, 


f 

t ' 


>240 

< 


88" 
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Use. of Tables of Most Probable Numbers 



IV TABLES OF MOST PROBABLE 
NUMBERS 

These tables' cohsist of the MPN indices 
95% confidence limits, within which the 
actml number of organisms can lie/ for 
various combindtions of positive and 
negative tubes. Three MPN tables are 
presented. Table 5 i^based on ftve 10 ml 
five 1.0 ml and five 0. Vml sample portions. 
Table 6 is based-on five ID" ml sample por- 
tions; and Table 7 is based on five 10 ml, 
one 1 ml ana one 0. 1 ml sample portion. 
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MPN THEORY 
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I DERIVATION OP THE MPN 

A Assumptions 
^# 

The validity ot the MPN procedure is based 
upon two principal assumptions. 

' X In statistical language, the fir^t^^that 
the organisms are distributed rai|pomly 
throughout ij^e liquid. This means that 
an^organism is equally likely to be' 
found in any part of the liquid, and that 
there is no tendency for pairs or groups 
of organisms either to cluster together 
or to repel one another. " ^ 

2 The second assumption is that each 
sampie from the Hquid,. when^cubated 
in the culture medium, is certain to 

, _ exhibit growth whenever the sample 
contains one or more organisms. 

B The Probability Equation 

— BasexHipon- thes e-assumptionsr-an-equation^ 
for the probability of the observed com- 
bination of positive and negative tubes can 
be derived as a function of the true density 
6. By solving this equation fot different 
values of 6 a curve can be plotted~a~s shown 
in Figure 1. . 

Curves of this Jype always have a single 
maximum pr peak. The value of 6, 'say d, 
which corresponds to the peak of the curve 
is called the most probable ^umber, 
commonly designated as MPN^ 
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The MPN is "most prob|L^JLei«^ni the sense ' 
that it is the number- which maximizes the 
probability of the observed results. It is 
interesting to note that althoi^h the 
original derivation of the MFN predates 
modem statistical estimation, thg MPN 
procedure corresponds to the odrrently 
accepted estimation procedure known^as 
the "method of maximum likelihood, " 



MAXIMUM 




^ — I n 1 ^ 

d{MPN) 
BACTERIA PERIOD ML 

FIGURE 1 



C Indeterminant Splutions 

The^MPJf provides a meaningful estiniate 
of 6 ^ly if there are, both positive and 
negifctive tubes in at least one dilution. 
. If all tubes are nega.tive, the maximum ' 
of the probability^ curve occurs when d is^ 
set equal to zero (see Figure 2) and thus ^ 
the MPN is zero. If all tubes are positive, 
tfie maximtim of the probability curve 
occurs when 6rs set equal to^infinity 
(see Figure 3) and thusjihe JVIPN is infinity. 




1.00 n 



ALL TUBES POSITIVE 



5 orso 
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O 
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3ACTERIA PER 100 ML 

FIGURE^ 



If DISTRIBUTION OF MPN VALUES 

/-*'A Skewed Distribution 

If a, very large number'of independent 
MPN determinations were made on the 
same water simple, the, distribution of 
the MPN values would be such that very 
high values relative^tb the median vali^ 
. Woiild occur more frequently than very 
low values. Thus the distribution of MPN 
values* is skewed to tbe^^right as shown in 
^ Figure 4? ^ 



B Lx) gar ithmically -Normal Distribution 

Since it is mathematically inconvenient 
to work with data "distributed asymmetri- 
cally, it is desirable to transform the 
skewed data in such a way that the tr^ans- 
formed valu'es have a symmetric distri- 
bution resembling the norn^al. In the 
case of MPN values 'the logarithms of. . 
the MPN's are approximately normally ' 
distribute<;i as shown in Figure 5. 
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MPN Tlteopy 



C Precision of MPN Estimates * 

* . * * ' * 

the Isick of precision of MPN estimates 
of bacterial densities is generally recogc 
nized. A measure of the precision is 
given by the confidence limits on the ♦ 
estimate which can be computed on the* 
basjls of. the normal distribu^on of the 
logarithms^of the JMHRtiJ^lues. It has 

, been veriJied that three-tube and fiye- 
tube MPN estimates are approximately 
logarithmically normal and the' Standard 

' deviation of the logarithms of the MPN*s 
is given by the formula : \ 



log^ 



0.58 



where cr, ''is the standard deviation of 
the.logiaritnms of the MPN estimates and » 
, n is the number of tubes in each dilution.* 

The upper and loweV 95% confidence limits 
of 9,n MPN estimate are given by the ^ 
formulas": * 

. UCL = antilog (log MPN + 1. 96a ^^^^) 



MPN . k. 



LCL = antilog (log MPN % 1, 96 a ^^^) 

= MPN^Tk, 
where k = antilog ( 1 . 96d j^^). 



Notice that the confidence limits are npt 
symmetric about the MP^J estimate. 

The ^jrecision of the MPJST estimate can 
be increased byiiiipreaslng the numbei^ 
Of tpbes per dilution. Figu|re6 shows the 
width offihe 95% confidence»intervaCl 
' expressed' as a percentage -of the MPN 
estimate for various values of n,. Notice 
that the width of the* confidence interval 
^ decreases as n increases; 

m PLANNING :A dilution SEklES * ^ 

The Rationale . ^ ^ 

It wasWientipned that' the MPN procedure 
provrdes a. reasonable" estimate of the true 
density only, if there are both positive and 
negative tubes' in at least one dilution. 
It follows that in a series of dilutions the 
expecte^ number of organisms in the 
highest sample volume (lowest dilution) 
V should be at least one, otherwise all 
tuBes may be negative and the result will . 
. be anlndeterminant value. 
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Similarly, the expected number or 
organisms in the lowest sample volume 
(highest dilution) .i/j^ should not exceed 
one, to 'avoid the risk that all tubes will ' 
be positive, . . * 

B The Riile 

The above line of reasoning leads' to. the 
rule that a dilution series is cdpabl6 of 
estiniating any density between ^1^ -u £^nd 
l/i/. » In practice, we uselhe rule oy 
first guessing two limits^^ and 6 between 
which we are fairly certain that tne a6tual 



den'sity lies. *The sample volumes ^re 
tjien chosen to satisfy the rules 



"h - i 



Tay.e 1 displays the -range of densities 
covered by various decimal dilution 
series. ^ ^ 



TABLE 1 



SAMPLE VOLUME 
tML) 



RANGE COVERED 
(COLIFORMS/100 ML) 



10 



1 



10" 

AO-' 
10-^ 



10 
10 
^lO- 
■40 



-3 -V 



-5 "N 



-6 



10-' J 



10' - 



10 f 



10-10 
10^-10 
lO'* -10 
10^-10 

io*-io' 
lo'^-io' 
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This outline was prepared by J. H. Parker, 
former Statistician, Analytical Quality 
Control, Bureau of Water Hygiene, EPA, 
Cincinnati, OH. , 
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OescripJ;ors: Bacteria, Colifornis, MPN; 
Most Probable Number, Measurement, 
"Microbiology, Laboratory Tests ' 



THE MEMBRANE FOiTER IN 'WATER BACTERIOLOGY 



I fflSTORICAL BACKGROUND 

Thei:e is sometimes a tendency to look upon 
toembrane filters and their bacteriological 
applications as ne>y developments. Both the 
filters and many of their present bajterio- ' 
logical ap(t)lications are derived from earlier 
work in Europe. 

A Some European develof)ments prior to 
t 1947 are as follows: 



determination of bacterial counts, 
coliform (determinations, and isolation 
of pathogenic bacteria from water and 
other fluids. Most early interest iri 
developing these techniques seems to 
have been in Germany and in Russia. 
During World War II Dr.- G, Mueller 
applied membrane filter techniques 
to the bacteriological examination of 
water^ following bomb destruction of 
many^of the laboratories. 



X Fick is credited with application of 
collodion membranes in biologicaf 
investigations in 1855, ^-^'n^ 

«■ 

2 Sanareili, in 1891, reported'develop- 
ment of membrane filters impermeable 
to bacteria but^ permeable to their 
toxins. - 

3 Be^hhold, in the early 1900 *s made ^ 
a systematic study of the physico- 
chemical properties of a number of 
varieties 'of these n xemb r^es. After 



1911 numerous investigations were 
made in several countries with respects 
to the properties of collodion membranes. 

Zsigmondy and Bachmann, 19.lr6-1918, 
developed improved production methods 
which ^ere applicable on a commercisil 
scale! Membrane filters have been 
produced for many years at the 
Membranfiltergesell$chaft, SartoriouS 
Werke, in Goettingen, Germany.' In 
1919 Zslgmondy-appliedJ or a I jLS. . . 
patent on his productipn methods; IF 
was granted xxi 1922, . 



5 In the 1930's, W/ J. Elford io England, ' 
aftd P. Graber ia France, made new 
contributions it} developing and teachpg 
methods for making collodioa membranes 
with controlled pore size.- ^ / T 



Beforp World War II filtration 
procedures using the^sigmondy 
membrane*had been su^gestetf for the 



B Developments in the United Statei^ 

1 in 1947,. Dr. A. Goetz reported on a 
mission to Germajiy as a scientific 
consultant to the Technical Industrial 
Intelligence Branch, U. S. Department 
of Commerce. He obtained detailed 
information about the nature, method 
of preparation, and specific bacterio- 
<*logical applications of th6 Zsigmondy* 
^ Membranfilter, being manufactured 
^ hy^ the Membranfiltergesellschaft in 
Goef tingen. 



L After his return to this country,' 
Di^ Goet^ developed methods for * 'i 
preparing and improved type'of 
mefnbrane filter from domestic 
materials. On a small scale he 
manufactured filters under a » 
government contract; afterward 
membrane filter manufacture was 
continued by a commercial organization. 

In^ 1950/ bacteriologists of the Public 
HealthiService began intensive stu(fy 
of the applications t)f membraj^ fiUers 
in bacteriological examinations of ^^"^ 
water. Their -firstcreporf^was 
published in 1951, and wa^ TdUqwed- * 
by numerous reports of other similar 
investigations. Such studies have 
*b^^ein*widelylex{)anded,-'as indicated in- 
references shown elsewhere in this 
manual. * • ♦ 



NOTE: Mention^nf « ojnmerrini products and manufart^urers does not imply endoj ,,*emert by tht- 
bWP, EiiVironmciuai Protection agency* . * * . 
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The Mqmbrane Filter jii Water Bacteriology 



4-, In 1955 the^lOth Edition of "Standard 
*|Wiethods for the Exdcciination of 'Water, 
Sewage, and Industrial Wasted" included 
a tentative methpd for Cioliforms iDy mem- 
Urape filter method, in'theaith and 12th 
e^litioris, the membrane filter method , 
for coiiforms has become official. In 
i^dditipn/ methods for ejiteroco6cus 

_ tfeeai streptococci)' are ^included as 
* -^a^i^e methods. The 13th edition 
tirtd givfen tne f^caS'lJtreptdKooccus test^ 
a standard designation and the tentative 
method status reserved f fir the "pour 
plate" technique of quantitation. 



The membrane filter is an official 
method for examinafiop of potable waters 
in interstate commerce. The Public * ^ 
Health Service Drinking Water ^Stairdapds 
.^1962) state "Organisms of the collfoflcn 
group. All tSe dejails of t'fechriiqu^ 
. . . shal]^be in accordaiice with St&ndard 
Methods for E^aniination of Water and ^ • 
< WaiStewater^ curxerft edifiop. . . " Thus^ 
acceptance by^t^dard Methods as ^ . • - * 
official ai^om^tipally validates a method ^ / 
* ' for use with interstate waters. ^ 

if P^OPERTIEg'OI'-^MBR^NE^ * i 

Iftembrane filter© used in water bacjtej:*iology 
are flat, 'higfiay .porous, flexfljle pla^ic discs 

.* about 0( 15 millimeters in thickness ^ajid usually 

\ Jt7-50 millimeters in diaiji^ter. 



laij^e 



0 A ^-Princy^le of^anufacture 



•yhe ^tocedure§ described below are from 
FIAT Report 1312; While'thd ^methods in- 
, dicated by Goetz dbjjiot pecessar|ly describe 
the current DMinufacturing processes, it is * 
assumed that Similar principles of manu- 
facture still apply. . ' ' . 

, 1' One or more cellulose esters, such as^ ^ 

cellulose nitrate, is dissoln^d in a 
* • suitable solvent* 

2, Water, or some other liqCid insoluble/ 
in the cellulose - solution, ^is added and 
fnix^d, t^form an emulsion having great 
» * unifozTnify^ ih' §ize ^d distribution of 
• Broplets of the Insoluble liquid. 



3 The Qmulsion is cast on plates and dried 
*in an environn(ient rigidly controlled as to 

• humidity and temperature. The droplets 
. . » of insoluble fluid retain their size and 

identity in the dried film, eventually , ^ 
becoming the pores of the finished 
membrane. - 

< 

4 The dried porous film is cut into filter 
- discs of the desired size J Representa- 
tive discs are subjected ^o control tests v. 
for accui^ate Hete^min^tibn ^the pore 

~ size obtained. / 

5 , Particle retention by membrane filters 
is at or very n^ar the filter surfacfe, by 
% mechanicj^il, sieve-lik? action. (This 
applies J^hydrosols,.\n6t to aerosols. ) 
Through manufacturing pontrol it is 

^ possible to paake membrane filters with 
controlled pore size, within narrow limitg^^ 

B Some Important Characteristics of 
Membrane Filters 

1 The membrane filters used in micro-** 
biology, shoxild be -flat, circular, gridded, 

X . * of uniform^ thickness and porosity, non- 
•toxic to microorganism^, wetta^le, 
able to withstand commonly employed 
o ste riling conditions, and' unaffected by 
the fluid to be»-filtered{, . ' 

2 Without'refei:encd to specific manufacturers; 
' some particulars of t|ieir produces have ^ ' 

included: . 

\ " a C.. Average pore diameter ranging . 
fr<om 5 millimicrons to 10 microns. 
^ " Thiclaiesses. ranging from tO to ^ ' 

/ . 150 microns. , Can be sterilized' 
, by aiitoclaVing at 12t^C^ 10^ 

minutes. ^ < - / - ; 

* • * ^ . 

b • . . mean flow^ pore- size ranging f rom^ 

7«5'milliinicrons to 5 microns. 

The pore si?e V&ed in water 

bacteriology having a standard 

diamesber, ^ h^s EgWatfer. flo^* rate 

*oi76ccr/niin/cm Tand niust pass 

lOO.ml 6f particje-free^y^ater ^ j ^ 

within 9,secoild8.' ^ * » • - 
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, . current^ produced in more 
than twenty distinct pore sizes 
from 14 microns to 10 milli- : 
microns in discs I'anging from 
13 mm.to 293 mm in diameter* 
. The total i^ange of pore size 
distribution of the type used in 
water microbiology of 0. 45 ^icrons * 
is plus or minus 0,02 micron., 

, . , membranes are offered in 
graduated pore sizes ranging , 
fi^m 12 microns to 5 milli- 
microns. The types .used in 
water bacljgriology have a dis- 
tilled wa?§^Jlow rate of J55 
ml/min/crn at 700 mm Hg ' 
differential pressure 'or an air^ 
flow rate of 0.4 liters/min/cm 
at a differential pressui:e of 
500mm water. , ^ ^ ^ 



Membrane filttrrs are wettable. Thus,^ 
after sample filtration, when_a filter 
is placed on m^Lst culture medium^ the 
medium diffuses through the pores and , 
is available; to organisms collected on' 
the opposite surface; 

Mqmbnane filters are free of soluble 
chemical substances inhibitory to bac- 
terial growth. Water soluble plasticizers 
^1:e included in one commercially pro-* 
duced filter (glycerol, 2.5%). The,, 
cellulose esters themselves have some 
absorbing tendency illustrated by s5me 
dyes and heax^y metals. Total ash is . 
ver>- low, * less than 0. 0001%. ' 

Membrane fiUers have a nniforrii index ^ 
of refraction. - With membrane^ filters, ,^ ' 
this index is ri^: 1.5. When wetted' 
with ^ liquid havibg refractive index 
within this rang,e,^hTe (liters become 
transparent. This pi;g£giiy permits ^ 
direct microscopic examination of 
particulate' ipa^ter pollected on the 
filter surf ace • . 

• Tempei*atur^;resistarice depends on 
■ plastics used in the filter. The nitro- 
^'pUulose membrane filter is stuble dry 



up to 125^C in air. Membranes 
•"of cellulose triacetate are aavertlsed t i 
withstand dry heat to 266°C. Ingeneraf 
however, membranes in current use 
must be sterilized cautiously. Con- 
, suit t^e laboratory equipment discussion 
for details. Overheating of all types • 
;nt^rferes with filtration by blocking 
pores. 



C Nomenclature ' * " 

Membrane^ filters used in bacteriological 
tests on water are known under several 
names. Though the names are different, 
the inters are similar in form, properties, 
, an^^method of use. Names commonly en- 
countered are: ^ 

y Mem bra ne 4ilter. This is the general' 
nanie for#filters made- according to"* 
the general principles and having the 
properties discussed above. The term^ 
^ ''membrane filter" is most used in 
_ . technical reports on filters of this type. 

2 Molecular filter. This name used by 
Goetz for the improyed type of filter 
that, he and his associates developed 
after study ^of the manufacturing methods 
at the Membranfiltergesellschaft in 
Goettingen, Germany. 

* » <k 

3 Mill ipore filter is a trade name for 
membrane filters made by the Millipore 
Filter Corporation. 

4 Bac-T-Flex filter is a trade name 

* applied to certain mjsmbrane" filters . 
ma.de by Carl Schleicher^slnd Schuell 
Company. 

5 Qjcoid i liter is a trade.name applied. to 
. filters made byOxo, Ltd./, London, 

England. 
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Micropore, Tolypore and Metrice.I 
have been trade names used by the 
German Instrument Cofnpany. 



m -APPLICATIONS'IN WATER BACTERjerLOGY 

A The^ basic cultural procedures fof bacterio- 
^ logical tests on membrane filters are 



B 



.1 A sample'ls^filtered~thrdugh a mehibrane" 
.filter. ' ^ 

"2 The filter is placed in a culture con- 
.tainer, on an agar medium or a paper 
pad impregnated with moist culture 
medium.* , 

3 The inoculated filter is incubated under 
prescribed conditions of time, tempera- 
ture, and humidity. 

4 After incubation, the resulting culture 
is examined and neces^ry ir^terpret^- 
tions and /or additional tests are made! 

■ i 

With variations in such factors as culture 
modia, incubation time, and combinations . 
with other cultural and biochcKnical tests, 
several different kinds of tests are 
av.iilable, ' . 



2) 
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A verified membrane fiiterJcoli- 
form test ^an be used when needed 
as a supplement to the direct mem 
^r.ane filter test. Pure cUliures' 
are obtained frgm individual 
colonies differentiated on the . 
membrane filter and subjected , 
to further cultural, biochemical, 
and staining tests to establish 
the identity of the colonies being 
studied', " • 



3) The delayed membrane filter 
coliform test was developed to 
overcome batterial changes fre- 
quently occurring when the ye is 
a d^lay of one to several "days 
between sample collection and 
the 'initiation of laboratory tests. 
The test consists pf sample' fil- 
tration at or shortly afte^ the time 
of sample collection. The inocu- 
lated filter is placed on a preser- 
vative medium and taken o'risent 
to a laboratory, whe're it is, trans - 
, ferred to a growth medium for^the 
^ differentiation of coliform dolonies 
After incubation the culture is ex- 
amined and the re salts are evalu- 
ated as^or the direct membrane 
filter toliform test. 



1 Total^bacterial counts are made by 
cultivation of bacteria on membrane 
filters using an enriched all-purpose - 
culture medium. 

2 Tests for bacterial indicators of 
pollution., . * o 

k Colifonm tests 

1) The direct membrane filter tests ( 
; .{qr coliforms is one in which, 
^t-^r sample filtration,, the mem- 
braftp filter is incubated in con- 
^ tact wijtfpone or more special 
media, *At least one oC the' media 
is a selective, differjential^eidijam 
including cQn^pjientgvwJjjich perA, 
o mit coliiorm^bactfrid^p develop 
coloigiies jeasily rexjo^izatl^. iJy 
'fo^rn, color, sheen, or other 
cha^acteristicsT ' 



4) A medium and technique for' 
detecting and c/unting fecal , 
coliform bacteria has been j 
developed ancj is called M.-pjc 
Br6th. .Thisf medium currer|tly 
is beir\g used increasingly irl 
water poUution studies. ' 



b. Selective, differential, culture media 
have been developed for direct cul- 
tural tests for members of theienter- 
ococcus group of bacteria, .| 

3 Tests for pathogenic bacteria 

,a 'Workers-are currently testing new/ 
media f on the differentiation oi ^ 

^ members of l:he S almone lla - Shige lla 
^ group jof enteric pathogens. Avail- 
able information indicates potential 
usefulness of a screening medium 



'So-' • 
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for differentiatign of nonlactose- 
fermenting, non urease-producing 
lacteria. 



b One medium has be^ used 

for screening^ tests m detection of 
Salmonella typhosa, 

c Further confirmatory cultural, bio- 

neceTsViT^to estaSUsh the'iderrt^^ 
bacteria differentiated with these 
screening media. 

' A 

Meiribrane filter techniques can be applied 
both in the laboratory and unde^r field con- 
ditions. Several varieties of portable mem- 
brane filter field units have been developed 
on a commerciad basis. 



,Endo type' culture; media sometimes 
give difficulty. In such cases a high 
ratio of these nonconform bacteria to 
coliforms results in poor sheen pro- 
duction, or hf^ii suppression, * of the 
coliform organisms. 

' In samples having low coliform counts* 
and relatively great amounts of sus- 
pended solids; bacterial growth somer . 
~tiihes"^dever6ps"in a'continuous film~bn 
the' membrane surface. In such pases 
the typical coliform sheen sometimes 
fails to develop. 

Some samples containing as miich as 
1 milligram per liter of copper or zinc, 
or both,* show irregular coliform bac- 
terial results. 



- IV ADVANTAGES AND LIMITATIONS . 

This evaluation is limited to tests for the coli- 
^ form group. Similar, but separate evaluations 
would have to be made for any other bacterio- 
jlogical test. ^ 

y A Advantages 

1 Results are 6btaine^ in approximately 
24 hours,.^as compared with 48-96 hours 
requiredS^^ the' standard fermentation 
tube method. * * ' * 

2 Much larger, ^nd hence more reprise n- 
^ tative samples of water can be sampled 

routinely with membrane filters; 

3 . Numerical results from membrane 
filtei:s h^tve much greater precision 
(reproducibility) than is expected with, 
the fermentation tube method. 

4 The equipment and supplies-required are 
^not huil^/A great m'any sspnples can be 
'examined with minimum requirements 
* for laboratory space, equipmt^fnt, and 
p> supplies. * * \ ' 

A B Limitations 

1 'Sample^ Jiaying high numbers of nbn- ' 
coliform bacteria capable of growing on 



* 4 Occasional strains of-bacteria growing 
on membrane filters producing sheen 
colonies prove,' on subsequent testing, 
to be acid but not gas-producers from 
lactose. Where this ocpurs it may 
give a falsely-high indication of coliform 
density. 

Such limitations as these are not frequent, 
but they do occur. often enough to require 
consideration. In samples where these dif- 
ficulties often occur, the bes^t course of 
action often is to avoid .use of membrane 
filter methods and ii^ the multiple fer- 
mentation tube procedures. ' * 



t 



V SUMMARY ' ^ 

. * * • 

The 'development of membrane filters and 
their bacterial applications has been discuss 
briefly, from their European origin to their 
current status in this country. Membrane 

.filters currently available here have been 
described, and their properties have befen 

.considered. Applications of membrane^ filters 
ih water bacteriology^ are indicated in general 
terms. Som^ of the advantages and limitations 
of membrahe-filter methods are presented* for 
colifprm- tests. ^ 
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MEMBRANE FILTER EQUP^ENT AND ITS 
PREPARATION FOR LABORATORY USE 



I ^pme eqmpm^nt and supplies useici in the 
bacteriological examination of water with 
membrane filters are specific for the methbd. 
, ^jOther items ^re standard in most well- 

ejiirtpped„bacteriplpgical^labpra 

* .are r§a(iily adapte^ to membrane filter work, 
• This diapter describes nee^ied. equipment and 
methods for its preparation for laboratory 
use. "where more than one -kind of item is 
available or acceptable for a given function, 
-^sufficient despriptive information is pro- 
vided to aid the worker in selecting the one 
best suited to his own needs. 



n ' EQUIPMElft' FOR SAMPLE FILTRATION 
' AND INCUBATION 



A Filter Heading Unit 



r 



The filter holding unit is a device for 
supporting the membi'ane filter and for 
holding the sample until it passes 
through the filter. During filtration . 

.the sample passes through a circular 
area, usually about 35 mm in diameter, 
in th6 center of the filter. The outer . 
part of thg filteh disk is clamped 

'between the'two essential components 
of the filter holding Unit. (See Plate 1) 

a The lower, element, called the filter 
base, or receptacle, supports the 
membrane filter on a plate about ' ^ 
50 mm in diameter.- The central 
♦ part of this plate is a porous d;sk 
to allcw free passage of liquids. " 
The outer part of the plate is a 
s?nooth nofiporous surface^. The 
lower eier. ant includes fittings fc5r 
mountihf .'.ne unit in a suction flask 
or other coQtaiher suitable for 
filtration with vacuum. 

b The upper/»element, usually called* 
the funnel, holds the sample until 
it is drawn through the'filter. Its 



lowfir portion is a flat ring that rests 
on the outer part of the membrane 
filter disk, directly over the non- 
j^proiis part of the filter support 
plate^ _\ „ _ 

c The assehibled filter holding unit is 
joined by a locking ringjor by one 
or more clamps. 

2 Characteristics of filter holding units 
should include:- \ 

a The design of filter holding units 
should provide ^r filtration with 
vacuum. . 



(A) ASSEMBLED FILTER 
HOLDINR.UNIT 



(B) UPPER 



' ELEMENT *. 



LOCKING RING 




PLATE 1 



VOTE. Montion uf commercial prodiict.s^and n^anufacturers does not imply endorsement by the 

^V/^^tTn^r*-*hp^^"EnvirnnmentaX-P^POtr.ction-Agency..^. ^ — . V* 

' <» * - 



W. BA. tiketii, eiOk? 8. 77. 
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b Filter holding xmits may be ^de 
of glass, porcelain, plastic, non- 
corrosive' metal, or other impervious 
material. 

^ c Filter holding xmits should be made 
of bacteriologically inert materials.* 

d All surfaces of the filter holding 
assembly in contact witK the .water 
^/sa^mple" prioKto ifsl)assage-throiigh ~ 
the membrane filter should be 
uaiformly smooth and free from ^ 
corrugations, seams, or other sur- 
face irregularities that could become 
lodging places for bacteria. 

e Filter holding units should be easily 
^t^rilized by routine methods. " * 

f The filter holding ynit should be 
easily and quickly Assembled and 
disassemOfedv^ 'routine operational 
use. 

g Filter holding units ^should be* durable 
, and ;Lnexpensive. Maintenance should 
be simple. 

Several fprms Sf filter holding 'units 
have been develbped for use with 
aqueous suspensions. _ 

f • 

a SS 47 Membrane Filter Holder ^ 
' (Plate 2, Figure 1) 

Conical- shape, funnel with a 500 ml - 
capacity. TheT base section includes 
9- wirescreen membrane support. - < 
Fimnel and base section are evenly 
joined by a locking ;ring mechanism. 
I'This assembly is designed to hol'da 
•47 mm diameter membrane firmly in - 
place ailowirig an effective filter ar§a 
• of apprbxim&tely 9! 6 square centi- 
meters. The entire filter unit is 
made of Stainless steel with the 
funnel^ interioi; having a mirror-like 
> finish:" 

b The MiUipore Pyrex Filter .Holder 
'(Plate 2,' Figure 2) 



for filter. The upper element of 
early models of glass filter holders 
had a capacity of 1 Liter. Currently 
available units are supplied with 
upper elements' having 300 ml 
capacity. The assembled filter 
holder is joined with a spring 
clamp which engages on flat sur- 
faces encircling the upper and 
lower elements. • 



The unit is made of pyrex glass with 
cdarsfe grade fitted support in base , 



c Millipore Standard Hydrosol Filter . 
. Holder (I^te 2,- Figure 3) 

Most components of this unit are 
made of stainless metal. The . 
porous membrane support plate -is 
iine-mesh stainlessvsteel screening, 
^ The upper element is a s'traight- . • 
sided cylinder .4- to Scinches in * , 
|iifinieter, constricted to a narrow 
, cylinder at the bottom, to fit the 
lovi;er element. Capacity of the 
. * 'funneffelement is about 1 liter*. 
V^h'e assembled filter holding unit is 
joined by a bayonet joint and locking 
>ing. Accessories may be obtained 
Tor collection of small Amounts of 
filtrate and for anhydrous sterilization 
of the filter holding assembly. 

' d Gelman *'Parabella Vacuum Funnel" 
/ (Plate*2, Figure 5) 

The unit is n^de of spun stainless 
steel. The lockfng ring is a bayonet - 
type fitting, and is spring-loaded. 
The funael element has a 1 -liters 
capacity, 

e Thi Sabro Membrane Filter Holder 
(P4te 2, Figure 4) 

The unit is mostly of stainless steel 
construction. The lower element is' 
J a combination vacuum chamber, 

filtrate receiver, and f liter support- 
ing elemeht. It consists of a -stainless 
steel cup* with a metal, cover. The' 
cover is fitted within rubber gasket* 
permitting airiight fit of the cover 
into the top- of the cup.. A porous 
^tered jStairiless steel membrane " 
support disk is mounted in {he 
center of the cover. .At the side 
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> of the beaker is a valve, to which a 
^ • pumping device can be fittec^. 'the ^ 
' .upper element is a^st^cinless steel 
' , funnel with about 500 itil gapacity. 
^ assembled filter holding unit is 

^ joined* by a locking ring at the base 
. ^ of the upper element. This engages 
on three spring clamps on the covering 
plate of the lower element. 

'f Miiligope ''SterifllV filter, unit 
(Plate 2, Figure 6) 



A funnel and flask unit of poly- 
cerbohate with filter* base and 
support of'polyprqpylene. Manu- 
facturers tablefe should be referred 
to regarding cnemicals* which may 
be piresent in the^sample and their 
effect on the holder and flask 
elements. This unit can be safely 
sterilized under stsam pressure. 



4 Care and maintenance of filter holding 

, units 
< 

d Filter holding units should be kept 
clean and free of accumulated * 
foreign deposits. 

» 

b Metal filter holding units should be 
*• protected from scratches or othep 

- - physical damage "which could -result - 
in formation of surface irregularities. 
The surfaces in contact wifh mem- 
brane filters shotild receive 
particular care to avoid fonjiatiqn 
of slireds 'of metal or other 
ii^regularities which could cause"^ 
physical damage to the extremely 
delicate filters. 



Some filter holding units have 
rubber components * The rubber " 
parts may in time become worn. 



FILTER HOLDING UNITS 
(OR AQUEOUS SUSPENSIONS 




hardened, or cracked, necessitating 
replacement of the rubber part , 
involved. 

d The locking rings used in some 
kinds of ^ filter holders have two or 
more small wheels or rollers 
which engage on p^rts of the filter 
holding assembly. Occasional 
. adjustment or cleaning is necessary 
to insure that the wheels turil freely 
* and function properly. On some 
units, the wheels are plastic, and 
aare not intended to jtum. When 
worn flat, • they should be loosened, 
turned a partial tuni, and tightened 
again:. 

Membrane Filter^ and Absorbent 
Pads 

The desired properties of pembrane 
filters have been discussed elsewhere. 
Typical examples, commercially 
available include: 

a Millipore Filters, Type HA, white, 
grid-markedj 47 mm in diamerer 

b. S & S Type B-9, white, black-grid 
mark, 47 mm diameter 



FIG. 6 



PLATE 2 
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c Oxoid cellulose acetate membrane 
■filters, 4. 7 cm, grid-marked 

2 Art absorbent pad for nutrient is a 
paper filter disk, usuaJJy. th^ same 

-diameter as the membrah€iilter. 
Absorbent i^ads must be; free of 
soluble chemical substances w.hich 
could interfere with bacterial 
growth. They should bd of such 
— " - thickness that ^fey -will-retain- 1. 8 
?v2 ml of liquid culture medium. 
During incubation of cultures on 
membrane filters an absorbent pad 
saturated with liquid cujture medium 
is tHe substrate for each filter. 
Absorbent pads are supplied with 
the purchase of membrane filters. 
Additional absorbent padi may be 
purchased sei^arately. Sterilization^ 
s in jji-a^to clave, is^ re commenced for 
absorbent pads. 

C Vapuunt 

Water can be filtered through a membrane 
filter "by gravity alone, but the* filtration 
rate would be too slow to be practical. - 
For routine laboratory practice, two 
convenient ^jiethods are available for 
obtaining vacuum to hasten sample filtration. 

m: ^ , , 

1 Art^lectric vacuum pump may be used 
connected to a filtration apparatus 
mounted in a suction flask. The pump 
iieed not be a high-efficiency type. For 
projection of the pump, a water trap 
should be included in the system, 
between the filtration apparatus and 
the vacuum pump. 

2' A water pump, the so-called "aspirator** 
^ gives a satisfactory vacuum, provided 
r there is resiiSonably high water pressure. 

3 In emergency, a rubber suction bulb, a 
hand punap, or a syringe, may'ffe used 
for Vaciliuin, It will be necessary to ^ ' 
include some form of valve system to 
prevent return flow of air. 

D Culture Container^ (Plate 3) * 

Most membrane filter cultures are . 
incubated in individual containers. 



AJmOst any form of culture container 
is acceptable if it is made of impervioul 
bacteriologicaily inert material. The 
culture container should, or course, be ' 
large enough tO' permit the mejnbrane 
filters to lie perfectly fjat. The following 
are widely usedj* 

4 Glass petri dishes * * * - 

- Conventiorial-boro silicate ^glass-culture - - 
dishes are widely used in laboratory 
.applications of .membrane filters. For 
routine work, 60 mm X15 mm petri ' 
disheff are recommended. The common 
100 mm X 15 mm petri dishes are - ^ 
acceptable, but are subject\o difficulties. 




HVDRATOR 




ALCOHOL JAR 
WITH 
FORCEPS 



GLASS PLASTIC * 

TYPES OF CULTURE CONTAINERS 



PLATE 3 
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2 PlastiS petri dishes ; • • 

Plastic containers have been developed ^ 
for use with membrane filter*ciilttires. 
' Their cost is fairly low, and'feingle- 
service use feasible. They cannol he 
heat-sterilized, but are supplied 
/ ' sterile. They must be free from ' / ,^ 
'/ solublfiL-toxiC'Substances. They can 

either be loos'e -fitting or of a Jight lid 
to bas^ friction fit. 

B' Other Equip^ment a^nd Supplies Associated 
' with Sample *Filtration 

1 Suatiol>'|3ask (Plate 4) ' 

a 'Mo^t types of filter holding apparatus 
are fitted in a c'onventional suction 
flask for samfJle filtration. While 
other sizes may be used, the 1-liter 
/Size is. most satisfactory. ^ 

b The suction flash^an be connected . 
j* to the vacuum facility with thick- 

• galled rubber tubing. Latex rubber^ 
tubing,' 3/16" inside diameter, with * 
wall thickness 3/32", is suggested.. . 
' This tubing does' not collapse u»^er 

, vacu^jn,^yet it is readily closed with 
* a*pinch clamp. 

c A pinch clamp on the rubbe^r tubing 
fs a convenient means of, cuttmg off 
the vacuum. figprn ^he supticMi flask 
during intervals when s^Lmples are 
not actually being filtered.* It is • 
4 • most* convenient to have the va<:uiun 

facility iif continuous operation during 
sample filtration work.* T 



Jn laboratories conducting a high 
voJiim^ of filtration work, the 
♦ suction flask may be dispensed. 
Filter-holding manifolds are available 
to receive up to three filtration AOiits . 
The filtrate water is collected in a , 
trap (in se?ies with the vacuum 
soxirce> which is periodically emptied." 

Another arra'ngem?ent can be made 
for dispensing with the sliction flask. 
In^this case,, the receptacle^ element 
of the filtration \init is mounte^d in 



the trench top. Instead of using a- 
suction flask, the lower element of 
the filter! holding unit has*a dual ' 
connection with the vacuiun source 
and with the laboratory drain. A 
• solenoid-operated valve is used to 
determine whether the vacuum system 
or the drain line is in ser^^es with 
the filtration unit . 

Ring stand with split rkig (Optional) 
(See Plate 4) 






SUCTION FLASK RING STAND WITH SPLIT RING 
PLATE 4 

w{ien the filter holding unit i^ 
* disassembled after sample filtration, 
the worker's liands. must be free to 
^ manipulate the membrane filter. ^ 
Upon di^ssembly of the filter^ holding 
unit, many workers place the fpxmel 
- element, inverted, on the laboratory / 
bench. Some workers, *tQ prevent 
bacterial contamination, prefer a i;ack 
or a support to keep fte funnel element 
from any possible source of contam- 
ination. A split ring on a ring stand isr 
a convenient rack for this piy::pe&^. 



3 Graduated cylinders 



In laboratory practice, ^100 ml graduat^ 
borosilicate glass cyfinders are 
satisfactory.for measurement of 
samples greater than 20 ml. 
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4 Pipettes and fcans 



0 



Graduated Mohr pipettes are'needed 
ror many ptrocedures, such ag y 
measurement of small' samples; and 
for preparing and dispensing culture 

'media. Pigettes should<be. available 

* in 1 ml and 10 ml sizes* • ^ 

Raiding cand may be round or' square 
but must not be made of xopper; 
Aluminum or stainless steel are 
acceptable^.- * / ^ * 



5" "l^Tcghol jar with forceps. (Plate 3) " . * 

a All manipulation of membrane filters 
is with sterile forceps. For steri- 
lization, forceps are kept with^ their 
tip's immersed in ethanol or methanol. 
When forceps are to be used, they 
are removed from the container arid 
the alcohol is burned off. • 



Forceps may be straight or curved. . . 
They should be designee^ to permit 
easy handling of filters without 
damage.' Sonie forceps hav^orru- . 
gations on tfieir gripping tips. It is 
recommended that suSh corrugations 
be filed off fdr mej:nbrane filter work. 



F Incubation Fa^silities 
'1 Requirements 
a Temperature 



For cultivation of. at given kind of ^ 
bacteria, the same tenxpera^re 
i^equirements appi^ with membrane 
filter methods as with arty other 
-method"for cultivating the bacteria " 
in question. For exannple, incur/ 
bation temperature for coliform. 
tests on mem^ran^ filters should 
be 350C + 0.5OC. 



6 A gas burner or alcohol burner is needec} 
to ignite the alcohol prior to u*se of 
forceps. ^ 

7 Dilution water 



The buffered distilled water described, 
in "Standard Methods for the Examination 
of>Vater and Wastewater* for bacterio- 
liigical examination of water is used 
m tfienibrane filter methods. Dilution . 
water is conveniently used in 99 + 2 ml 
amounts stored in starC^ard dilution^ - 



bottles. ;So me work ers | j refer-t&-tise 

9.0+0.2 ml dilution blanks. * 

. 8 Culture medium 

- - ' . . . 1^ 

• . - ^-^ 

Bacteriological Culturje media used with 
^ /nembrane filter techniques aite dis-r 
cussed M length in another part.of this 
manual. , . ^ 



;b Humidity o • , . 

Membrane filter cultures must be 
incubated in an atmosphere mairi- 
> tained aft'or very^neac to lOO^o 
relative humidity. Failure to - 
maint§.in high humidity during 
incubation results in growth failure, 
or at besf; jln'Small or poorly 
differentiated colonies, , 

The temperature and humidity require-, 
ments can be satisfied in any of ^ 
several types of equipment. ^ 

a A conventional incfubator may be 
. used. With large walk-in 
' ' incubators, it is extremely diffi<Jult 
to maintain satisfactory humidity. 
With most conventional incubators, 
membrane filter cultures can be / 
^incubated in tightly closed con- 
» ^^ners, suph as pij^stic petri dishe'b. 
In such containers, required 
^hurfiidity conditions ^r^ established 
"With evaporation of some of the ' 
* culture meditim. ^Because the 
volume of air in-^i^htly closed . * 
container is small, thii results in 
. negligible ct)ange iri thte culture^ ^ 
mediu^. - *If glaserpepfcgj. ^ hes qr 



other.*16osely fitting «oi*taii^erff are 
used, the containers shdldd be 
placed in a tightly clos^tt^^contaii^f r/ 
with wet 'paper^r^ cloth insideito ' - 
/obtain. Ihe reqairea^hurivdity^Con- 
dftions. A vegetable' crisper, such 
as used in most home refrigerators. 
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is usieful for the purpose. (See 
Plate 

A covered water bath ijiaintaining* 
• 44.5°C;+ 0.2^C is necessaryVor 
th^ecal colifftrm test ^d this 
will' necessitate the use of ^ 
a water -bath having forced^.*> 
circulation of water. 



m STERILIZATION OF MEMBRANE FILTER 
^ EQUIP.M5:NT ^AHn^SIlEP^LIES : — 



A Filter Holding Unit ^ 

1 «When is sterilization necessary? a 

a\ The filteiLholding unit should be 
sterile at the beginning of each 
^ iiltratjlon series. A filtration series 
is popsi4ere9 to be intp-rrupted if 
there is 'in interval of 30 minutes 
/ . or longer between sample filtrations. 
After such interruption any furthewf ,^ 
^ sample filtration i$ treated as a ^ 

new filtration series and requires^ 
a^'.Sterile filter holding uriHk, 

b It is not necessary to sterilize the 
" " % filter holding unit between successive 
' -filtrations, or between successive 
samples, 'of a filtratioji series. 

.After e^ch tiltration the funnel walls 
are flushed/with sterile water to- 
free j:hem of bacterial contamination. 
If properly done, the flushing pro- 
cedure will remove bacteria * * , 
remaining on the funnel walls and - 
prevent contamination of later 
sanaples. • 

2 Methods^foiJ^slef illation o'f filter - 
— — -^holciing tmit^^ 

;a Sterilization in the autoclave is 
• preferred. • Wrap the funnel and 
/ r ' recyeptacl^ separately in Kraft paper 
and sterilize irf the autoclave 15 
minutes at 12 1 o c. At the end of 
the IS^minutes holding periodljyji the 



B 



autoclave, release the steam 
pressure rapidly, ^to ertcourage 
> drying of the filter holding imit. ' J 

* 

b ^The imit may be sterilized by " * 
holding it 30 minutes in a flowing 
steam- sterilizer. 

c 'Tlie imit may be immersed 2 to 10 \' 
minutes in boiling* water. This^ ' : 
method is recommended for * j 
emergency or field use. 

d Some units (Millipore Stainless Unit) 

^ are available with-aeeessories^er-7 - 

\ . mitting anhydrous sterilization with . 
formaldehyde. The method consists 
• of introduction of methanol into a 
wick or porous plate in the sterili- 
zation accessory, assembly of the 
filter holdirfg unit for formaldehyde 
sterilization, ignition of the 
meth?inol, and closure of the unit. 
The methanol is incomplete ]y 
oxidized in the closed container; ~~ 
resulting in the generation of 
formaldehyde, which is bactericidal. 
The filter holding unit is kept closed 
for at least 15 minutes before use* 

, e.<^tJltraviolet lamp sterilizers are 
convenient to use^ A device now 
* ^ commercially available for ultra- 
' violet sterilization of membrane 
filter i-Junnel units. 

Sterilization of Meml^rane; Filters, and - 
Absorbent Pads ; * * • 



1 Membrane filters *^ 



a Membranes a^:|^§upplied in units 
^ of 10 in kraftymvelopes,\or in 
•packages of lOO me'mbfanes. Tbey . 
may be sterilized conveniently in 
the packets of 10, but should-^P ^ 
repacftaged if supplied in units of* — 
100. Large pacjkagea of filters cai> 
be distributed in standard 100 mm 
Xl\nim petri dishes, or they can ' 
be wrapped in kraft p^per packets 
for sterili2^ation. * 
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Sterilization in the autoclave is 
preferred. Ten minutes at . 121o C 
or, preferably, at II60C i^ 
recommenc^ed. After bferilization 
the steam'pi:essure is released as 
\rapid]y as possible, and the filters 
*ar^ removed from the autoclave and 
, . -dried at room teniperature. Avoid, 
excessive exposure to steam, 

c In emergency, membrane filters may., 
be sterilized by immersion in boiling 
^ distilled water, for 10 minutes. The 
filters should first be separated from 
a,bsorbent pad$ and paper separators 
wiiich usually a^e included in the . • 
paekageT The boiling wat^r method 
isntot recommended for general 
practice, as the membranes tend ta 
adhere to each ojher'and must be 
separated from oijis another witK, ^ 
forceps. * * , 

2 Absorbent ^pads for nutrient 

a Unsterile absorbent pads can be. 
wrapped in kraft p^per or*stacKeti 
loosely in petri dishes/ and autc 
claved with membrane filters (ten 

*^ minutes or longer at t21^>C or^lieo.C). 

b After s^arilization^Jfesorbent pads 
• fdr putrient should be dried before 



use. 



• C Glasswar 



*0 



*l Sterilizati6n at 17*oC for./hot less^hatn^r 
• I hour is prfe/e]fre<|ldr''x^bst'glasswai'fe 
^(p1i)etj^es,*.gr^iKluatedi^JliildQrsVgjEtss . 
9 ^ • *peJrUdishe3i>-* •Pij^^tesycan be sJe/iJLized 
ih aliijcninum or staCueSs st^el Q^jjfi oif ^ 
ithey may be wrap^d indivWuaJly ih ^ ^ 
, * paper. Tlie opening of gHtduated * 
\ cylinders should bef^'covQred with paper 
or metal fo^ prior to sterilizafiop, * ^ , 
Glassware wiWrubber fittiifgs nuis^o^ ^ 
' _ _ ♦ _be sterilized kt ITO^^c/^as the rubber *'» , 
will be jlamaged.* v * 
* A , * t 
2 Sterilization in the autoclave, 15 . 
^j^g^cmles at I^IQC;, is satisfgictory, 
^ and preferred by mariy workers. When ^ 

sterilizing pipettes it is important to 
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exhaust the.steam pressure rapidly 
>and vent the containers momentarily. . 
. vThis allows the vapor to leave the can 
and prevents wet pipettes, ; 

D " Culture- Container s 

1 Glass petri dishes ^ ' ^ 

a Petri dishes may be ste/ilized in 
^ ^ aluminum or stainlessisteel cans, 
or wrapped iH kraft paper or metal 
b foil, Th6y can be wrapped ^ 
individually;, or, more conveniently, 
in rolls of up to 10 dishes. ' 

b Preferably, gteriUzg glass petri 
dishes at 170oc for at least 1 hour, 

c Alternately, they may be sterilized 
. "tki the au'toclave, 15 minutes at 
l^l^C, After sterilization steaniv^ 
pressure should be released, Rapidly 
to facilitate drying bt j;he dishes. , , 
Other suggested methods for *^ 
X sterilization of plastic dishes- 
' irtclude exposure to ^ethylene oilide 
vapor (0. 5 ^I'ethylene dxijde per*'. ^ 
V liter of, container volume), or' , *j 

* " **'^5^Tosure to ultraviolet light. 

Ethyl^e oxide is a dangerous 
chemical bSing both toxic , and 
explosive, apdit shoiald be^u^ed * 
lonly when more' convenient- and 
'.\ . safer, methods are not%ftv§ilable. , 

• - , ^ 

. . 2 ^Plastie cujture cont^ihens •* * . 



'Bec^us^of the fhermo-l^Bile * , ' 
characteristics of the plastic,^ • 
these containers canp^fc^e h^^t ^ * 
sterilized,. Mariuf|Lcturers supply »1 



^ these iu^vQterile iQ^n^tion, ^ 



For practk:aLptirpos^s,^fe^2Ptic 
'"d^hea. may be*"'«teKi!USzQd K^r . ^ 
Vj^, \ ^mmersi^ in ^ 70%*-'|t)lutS:m^of* 
% '^^flbanol in ?8lfatJ^^ ^br-s^ lea^t' ^0* 
ri^nutes j^jpOishesTmust' be allo>y,ed 
\ • Yo draSnTanJ dry beforfe use, as ^ 
, ^ "ethaifioly'^iU. influence the perform^ 
j^nce\)f Culture media, . , 
This'oXflflLtje was prepa/ed byH, L, Jeter, 
Chijaf, Program Support Training Branch, 
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MEMBRANE FILTER EQJUIPMENT FOR FIELD USE 



I INTRODUCTION 



One of the.most troubLesome problems in, 
* bacterial water analysis is'th^ occurrence ' 
of changes in the bacterial flora of water 
^' -samples between the time of-'Sainple collectior 
and tfie timie the actual bacterial analysis is . ' 
started. Numerous studies haveib**^" made 
on thiB problem. From'^these have come such, 
i^^ommelidations (Standard Methods, 10th ed) 
as hblding the sample at 0-10 C and starting 
laboratory* tests as|^soan as poss^ible after 
collection of the sampld. Recommendations of 
Standard Methods;, 12th Edition, wfes to hold h 
the sampl^.jas close as -possible to.tfie tempe^ 
ature of thr*«soUrte and to -start the labdi^at^y 
' test3 preferably within 1 hour^afid always with 

in a maximum of 30 hours after ^bll^ctian. 
/ ChangesW the #3th edition of Standard Metj:i- « 
,ods (19^) will. again call for the ic*ing of 
^ samples, and further, that.g^mples of^nrvlr-' 
. onmental water's be held for not 'pore tjiaji ^ * 
^our^ total elapsed time hefore samples '^te ■ 
plat(?apr use^ far microbjLojlogical testing. 

3ghour mapcimum e3,apsjB4 sample h^tteir^g^ 
, .tithe Viif still be r^^ainecj^br potable water ~ 
-samples. ■ i , * V 

' : -A 



, - ' r*" <-'''v ■ : 

. * / A Tj^'y \wulti be u'siiol in certain routine 

* watef*quality'control oj^erations'.^^xamples' 
^ dndiude siiclj plaoes as pn.board ships; * 

sonnfe airlines, partiCulaoy in oVarseas 
' ^v" operations; apd some national parks. In ; 

^^ 4*^ • •eacij example. It is^een ti^t there is an 

obvioqs difficulty in getting water samples. 
"* . " to the examining laboratory in time for " 
^ eai*ly examination. ' , ~ ''^ ^ ( 
- . • *\ 

ft - B In addition, such units would be invaluable 
in emergencies when existing laboratories^ 
are overburdened or inoperative. ♦P9rtable 
kits already have proven extremely helpful 
* in testing many small <water supplies jln a 

. , oShp^t period of time. Further there is a 

^'edictable need jfor such equipment in the 
♦ ' '.event of»a warti|na civil defense 'disaster. 
, Experience of theXjJermans in the -vicinity 
' ^ of Hamburg during W5r Id. '^yar n lends 
Support to this concept. * 



T The purpose' of this^idiscussion is to 

' introduce some of the portable equipment 

which has been developec| and to point ou^ 
notew'orthy featare's^of each. Actual* . ^ 
practfee and experience with these uliits 
reveal strong point and Weaknesses £n .* 
each type. ^ ^ / ' ^ . , 

• The m^enibrane filter 'method Has beerf ^ 
, accepted by the Federal Government for*^. 

the bacteriological examination of wMer 
under its jurisdiction. Th£s ac'ceptance 
was based on methj^fls develbped and 
» procedures applied in fixed laboratories. 
While the use cOteldicits- is, not excluded^ 
.no specia^^oncWssion haS been made \» ^ 

• regarding the stjmdar^s of perforrhance" 
of mex^brane filter field, kks. \ Thusj in 
planniiig to use a membrane filter fiejd 

^ kit for the bacteriological examination of 
^ .water, it is fh^ rdgponsibiJiity of the' . . 
individual laboratory.t 6» e stabUsfi.b^eypnd j 
feasonab^dpubt, b^^ compq^tsoq witl? 
Stan'dard%^ho(d§ fermentation tubeVestS 
pr established laboi*at6r;j5^ei3ibralxe ' 

* filter metljWis, .the. value cif'u& pf th§- 
^ ' membrane filter fiel^^kit in d^rm^mng^ 

• «the sanitary quality -of w;ater\supplies ' 
^xamined^ * J ^ ^ 



li TY^S.QF COMMERCIALLY A^^^li^ij^E 
,IVfEMBR4*7B^Fl[tTER EQUIPJiaENT POR 
FIELD USE - ■ , V •* \ - 

A Sabro Water Laboratory • * ^ 

This unit represents a fixed mehibrane 
fUter laboratory'in miniature^ -witl? 
'adaptations for special situations to be 
^ encountered' in the fieldl.' Notable features^ 

1 "The funnel unij suj^plied on old^. .units : 
^ , is*glass. A newer" model has been J 
. released with an«all-metal funnel unit. ' 

-2 ^he vacuum source is hand pump • 
(modified bicycle pump) or^ ^tiopdally, 
an all-nietal s^^ge.^ ^ : 

3 The manufacturer sells prepared , . 
ampouled^-medium, in a' liqtd:d ,stat^.: . 
« T^e medium should be kep£ at a cpbl 



Vientioij of ^commercial oroductj? and moVinf^rtturers does not imply endorsement by the 
Y-rnn r*^^ • federal Water Polluti6n Control A dmin^fltriition ^ : ' \ . " r 

fcKJL wvBA;mlm:63g.8.77^^ • \ ^ \ . , ' ' q.^. . 



NOTE- 



^l4mbrane Filter Equipment for Field Use 



'tenl^erature, out of the light. Its 
useful shelf lifd is uncertain, but 
limited tests by this agency indicate 
thatthe medium'*perforins accept- 
ably *with storage up to one year. 

Incdbation of the cultures is in an 
incubator drawer having^a capacity 
of 18 1 -ounce culture containers, or 
• 36 plastic containers, and operates 
electrically at llOV, ari(i-with suit- 
table converters, at. 6V, 12V. A ^ 
battery also can be used. with this • 
' unit, - r ^ 

Sterilization of the funnel unit Js 
tcarried oat by a "light flaming 
technique" or, optibhally, by 
immersion of the funnel unit in 
hot or boiling water. 

Useful accessories provided include 
tliermometer, alcohol lamp, measur- 
ing cup, andjor:^^^. 



B Alillipore Field Monitor Units 



1? 



- 1 



These units differ radically from an}^ 
oth^r field equipment that has, appeared. * 
Significant reductions in bulk'of equip- 
meht hav^ been brought about through 
major changes in function and design jpfX* 
the usual equipment. .Although not re-:" 
commended for valid data due to 
differences in quantitation when compared 
to standard test procedures, the Unit is 
usefu4 rapid f\eld 1;esting to establish, ^ ' 
"ball park" fiqures for latef*"te'sting with 
approved test procedures, ^k)table features: 

. . J 

The funr^el ,unit has been eliminated in 
its usual7orm. This has been done'by^ * 
'dev.elopment of a carefully fitted, single- 
use combination filtration unit and culture 
con^ifrer.^ This feature eliminates most ' 
of the handling and use of accessory 
equipment* " 

The vacuunri source is ah^all metal syringe 
with ^ fittiq^ providing Jpr direct connec- 
tion to the cyltifre container. 

The culture medium provided by the manu- 
facturer-includes M-Endo Broth, MF, reacjy 
to*use, in gjia^^ ampoules^ These ampoules 
are so designed as to permit easy introduc-* 
tion of the c\ilture medium into the culture 



B 



D 



container. Alternately,, the manufacturer 
• makeii available a dela\%d-incubation . 

medium m th§ ampoules. Other culture 

media can be used at the discretion of the 
' user, but so^ie difficulty ckn be anticipated 

in introducing the medium without special 

equipment, ^ 

^4 Incubation of the cultures is provided in the 
field through use of an associated portable 
incubator and equipment carrying, kit. Thii^ai 
incubator has room for about 25 cultures. 
If is electrically operated, and through ' 
. selection of Available switching positions, e 
operates at 6V, •12V, llOV, or at 220V. 

' 5 Sterilization of components in thfe field is 
unnecessary. The culture containers and 
plastic tubes are single-use units supplied 
in a sterile condition. Samples do not come 
in contact^with the syringe until aft\5r thfejf^ 
have passed through the filter. 

Millipor^e Field Unit for Military Use 

1 A modified Millipore field unit based on the 
* case and incubator described in B, 4 above, 

^g^'eea Adopted by the U.S. Department 
of ^Defense. This unit inclucjes'k miniaturized 
stainless metal funnel unit instead of the 
Monitors. 

2 The vacuum source is an all-metal syringe. 

S Sterilization of funhel unit is by formaldehyde 
generated through incpmplete combustion-of 
methyl alcohol. 

\ 

COMMON DIFFICULTIES ENCOUNTERED IN 
COMMERrrAT.LY AVAILABLE FIELD 
EQUIPMENT " 



, 'l^he mo^t conspicuous problem arising vtith field 
use of most units is their ultimate reliance: un a 
fixed laboratory for essential supplies. 

These portable laboratories will permit simulta- 
, neous incubation of up to 30 memorane filtePrs. 

P^or protracted field work, 2^ fairly large amount 
of reserve supplies and equipment will be.neces- 
sa^y. Such a reserve would include culture media, 
membrane filters, c ultur e container^, fuel, and 
other expendable supplies required in the field, 
organized in a supplementary carrying case. 

No currently available„field unit provides illumi- 
nation or optical assistance for interpretation 
'^f results. 
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Membrane Filter Equipment for Field Use 



Some of the sterilization method s 1!,^ 

recommended by manufacturers are 
unacceptable. K field sterilization in ' 
.-boiling water is needed, then there must 
be a heat source and a metal carf or beaker. 
Such equipment could be carried in the 
jcase suggested in C abdve. 



IV IMPROVISED FrE|LD EQUIPMENT" 

• 

The initial cost, of most of the cormnercially 
manufactured units has met some objection, 
xThis factor, coupled with need for additional 
* stccessory supplies and equipment/ has 
aroused interest in improvised units. Such 
a unit could consist largely of equipmeht 
normally used in a fixed^lat)oratory, packagec 
in one or two fiberboard cases. 

A The funpel unit could be one of the 
fauniliar stainless steel upits used in 
. , many laborator.ies; or it pould be specially 
designed, smaller than ordinarily used,* 
permitting use of up to a dozeti or more 
uppQr filter holding elements in the field. 

B The vacuum source could be the modified 
bicycle pump, (leathers reversed), and 
provided with a by-pass valve^. The suction 
flask could be the standard side-girm glass * 

, flask, or a' metal unit could be devised. 

C M-Endo Broth or LES Endo agar are 
suitable media. Both are available as 
^ dehydrated medium which must be 

rec9nstituted and boiled in the field. ^ 
M-Endo Broth MF is now available in 
liquid form, sterile,* in sealed ampules. ' 
*A shelf life of approximately one year is 
stated yyhen stbred under moderate 
temperatures in the dark.. 

LES MF Holding Medium*- Collform 
requires merely dissolving in distilled ^ 
water. No heating is necessary Such 
medium would be an- advantage where 
appli'-^^ie. 



D Sterilization 6i funnel un its, graduated 
cylinders, media, etc. , would be through 
immersion in boiling water for 2 minutes 
or longer, as indicated for the material 
being sterilized. Provision for boiling'' 
water is easy through use of a sipall camp 
stove or other simple burner. 

Improvised equipment, such as discussed 
above, would have great usefulness in ^ ' 
emergencies, where commercially available 
membrane filter field units are not on hand. 



In a separate .outline are detailed 
descriptions of procedures' for use of 
commercially available membrane filter . 
field equipibient. In sonjye cases the 
suggested methods are different from' 
those recommended by the manufacturers. 
In each case suchrdepartures are based 
on a series of experim<*nt^l studies /n«de 
by this agency, which suggested need 
for modification of existing recommend- 
ations . 



REFERENCE 

1 Laubusch, E. J. What You Should Know 
About the Membrane Filter, 'Public 
Works, 89: 106-ia, 162-68, 1958. 



This outline was prepared by H. L. 
Jeter, Qhief, Program Support 
Training Branch, USEPA, Cincinnati, 
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,Descriptors: On-Site Laboratories,' - 
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membrane. Bacteria, Microorganisms, 
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— PRINCIPLES OF CUL-TURC MEDIA FOR USE WIXirMEMBRANE FILTERS 



I INTRODUCTION . 

^ * 

A Many l^nds of ni'embrane filter media 
have been described for use in bacterio- 

' iggical tests on water, This^ noteworthy 

' ip view of the relatiyely few years- the 
filters have been widely available iii this • 
cWrtry. This discussion is to consider 
several of these media in terms of their 



purposes, composition, an^ th"^~ways-in— 
which they are used. ' . 

B Basic Considerations 

1 Filtration of wat^r sample through a 
membrane*filter results in deposition 
of«bacteria and particles of suspended ' 
matter on the filter surface. The 
bacteria can be cultivated in place if 
suitable culture medium is made avail- 
able for their growth. 

2 The bacteria ar« cultivated by placing 
the membrane, on a pad of absorbent 
paper saturated witi^ liquid cultur;^ 
medium, or on an agar medium. The 
culture medium diffuses through the 
pores of the^lter, and is available to 
the bacteria on the opposite surface. 

. Proper time, temperature, and humidity 
of incubation results in^deyelopn^ent of 
bacterialcolpnies. In principle, each 
bacterial cell multiplies to become a^ 
single bacterial colony. — ^ 

3 Some culture media, satisfactory for 
tube cultures or agar plate cultures, 
do not perform well' when used with 
mjpmbrane filters. due ta a selective 
adsorptive pi!operty of the filter itself. 

)~ ,In the process of diffusion through the 
^ores some components of the culture ' 
medium may be removed^ completely, 
. or reduced in (Concentration. Thui^^ the < 
composition of a given culture mediuiA 
. , at the filter surface where it is avail- 
' able f<^r bacterial groMh may be dif- 
• ' fere^jt from its compo^tion beneath the 
ftoembrane filter. 



There is evidence that improved cul- 
tural results sometimes are obtained 
with increased concentration of certain 
nutritive constituents of menibrane filter 
culture media. 

t 

4 Pure cultures may be recovered . 
from membrane^ filters and subject- 

• ed to supplementary biocheipical, 
cultural, and serological procedures 
for identification studies or for veri- 
fication of interpretations based on 
direct observation of membrane 
filter cultured. 

The same use can be made of agar plat- * 
ingmedia; however thennembrane filter 
offef^s advantages due to the ability to 
cohcentrate organisms from a large ^ 
volume of sample in which the organ- 
isms arepresent in low density. ^ ; 



Applications of Membrane Fil^^r Ciiilwi , 
Media ^ . * / 

The composition >of bacteriological culture 
media designed for tube or plate cultures 
should be subjected to critical study /be- 
fore they are applied to membrane filter 
procedures.^ Media based on well-known 
bacteriological media hav.e been modified 
for use with membrane .filters for the 
following purposes in testing water. 

1 Bacterial plate counts' ' • 

2 Medi£ for bacterial indicators of 
pollution 



A Coliform organisms 

b Fecal streotococfcus group 

c Clostridium perfringens 



3 Salinonella and other enteric bacterial 
* ' pathogens 



NOTE: Mention of c6mmercial product^ atjd manufacturers does not imply endorsement 'by 
the FWPCA and the U.S. Dei^artmeht of theAlnte ' ' . '"^ 
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Principles of -Culture Media 
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D ^Constituents of Membrane Filter Culture * 
Media . « ' . 

Membrane filtet* media for the differentia- . 
tion and counting of specfal groups of 
bacteria are b^sed on the same principles 
used in differential agar plate media. Thus, 
the components of a differential medium 
I'or membrane filter cultures include: 

1 Substances favoring growth of the 
organisms for which the medium is'^ 
designed. Inclusion of special peptones, 
fermentable carbohydrates, yeast or ^ 
meat extracts, water and chemicals t^ 
adjust pH to a desired level are common 
.methods of favoring growth of desired 
orgamsms.- » \ 

— ^ I Differential indicator system. The 
purpose of the indicator system is to 
produce characteristic colonies of the 
desired bacterial groups for easy 
recognition when present in a mixture 
with extraneous types of colonies. This 
is done through inckision of (a), a com- 
ponenr which is chemically changed by 
the organisms to be differentiated, and 
(b), indi^aitor substances, which giye 
visible evidence of an intermediate or 

• end product resulting from a chemical 
change of substance (a). 

.) Selective inhibitors. Some bacterial 
* gjfdups to be tested may be over- 
whelm'ingly outnumbered by extraneous 
' types-of bacteria. In such cases, it ^s 
necessary that substances be- included ir 
the medium which (a), prevent growth ^ 
of a maximum number of kinds of ex- 
traneous bacteria, and (b), have mini- 
^ mum adjverse affect on growth of the 
kind of I3a6teria for which the medium 
is designed. 

E Variety of Methotjs of Using Media Avail-' 
ablrAvlth-MembraneJEilt_ex:Methodg 

1 Single-stage tests 

• After sample filtration, the membrane 
filter is placed on a designated culture 
medium, and left there throughout the 
incubation period. ^The cftlture results 

ralvr^xamined-and^4utex 



Multi-stage tests • 

A membrarte filter can be transferred 
from one culture medium to another 
without disturbance o^ bact?eria or 
colonies on the filter. This is unique 
with membranejilter method^, and 
lends itself to a variety of cultural and 
testing procedure. y t 

a The membrane falter, after ^amplr 
, filtration, can be incubated tor a 
specified time on one medium, then 
transfered to a second medium. The 
method permits initiation of growth 
on enru-l^ment medium, after wHiri^ 
the membrane filter can be tran^ 

J ferred to a less productive medium. 
Wi^th growth already begun, sonoe^ 
differential qulture media give better 
quantitative production thfan would 
be th'e case withoutfpreliminary 
incubation. * 

• / 

b After incubation on one or more 
media, colonies on the membrane 
filter can be subjected to bio- 
chemical tests with reagents* too 
toxic to include irt the cultur^ 
medium. Such reagents may be 
floo'ded over the growth on the 
filter, or the filter* may be placed 
on an absorbent pad saturated with 
the reagent, in order to malie such 
tests. • ' , 

c A third type of multi-stage t^esTis, " 
one in which the membrane filter, 
after sample filtration, is^placed 
temporai*ily on a medium containing 
a bacteriostatic &'gent. .In the 
pres^nce.of i^uch a substance, 
bacterial growth is inhibited or 
slowed greatly, but the orgdnism^ 
are not killed. During a limited. - 
period, .the membrane filters niay 
be transpoirted or stpred at 'Ambient _V 

* temperatures. The filter can be ^' 
^transferred later to a suitable 

. * medium and incubated ^or develop- 
ment of coiohie^. 
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II CbLTlJRE MEDIA FOR TOTAL BACTE- 
RIAL COUNTS ON MEMBRANE FILTERS 



r 



"A Concepts 



strictly, a "total" bacterial \COuni; 
nnedium is nonexistent. No single 
medium ^nd incubation procedure can 
provide simultaneously the fuJLl range 
of oxygen requirements, needs for 
special growth substances, pH pequire- 
me»ts, 'etc^-4)f all the kinds of bacterid 
founS i'n wat^r-l 

^•tually, '^total" l![i^(:tprial (-ounts an* 
counts of the bacrcria developing visible ^ 
colonics on a defined pUlture medium 
at a known pH after incilhation for a 
set time and temperature under aerobic 
conditions.- 

Within the foregoing limitations, the 
following criteria offer a useful basis 
for selection of membrane filter media 
to be used for estimates of the bacterial 
density in water.": 

a The medium and its mdthod of use 
should produce a maximum number 
of'colonies from all types of water. ' 
The colony yield shddld.compare 
favorably with the bacterial counts' 
determined as described in "Stand- 
ard J^ethods for the Examination of , 
Water, Sewage ah(i Industrial 
Wastes. " 13th Ed. (1971)* 

>. 

b The colonies should develop rapidly 
to a sufficient size to be counted 
sifter a minimum incubation period. 
At pr'esent, best results with mem- 
brane filte?lnetTTO^s~£n:'e"obtained 

after about 18 hours incubation. 

c The medium s^iould be one which is 
reproducible and' routinely available 
in laboratories. ^ 



such media have beerj suggested especially ' 
for mtimbrane filter methods. These differ 
only in minor aspects, and can be discuss- 
ed as a group. For details of composition 
and specific applications of each, see the 
media formulations elsqwherc in this . 
- "inu;)l . 

1 Growth promoting substances: All the 
substances included in these media are 

.included to encourage growth of a maxi- 
mum numboV* of kinds of bacteria. Mosi 
workers agree that tjie peptone should 
used i^ tAvice the concentration usually " 
found in cbnventional tube or agarplat- 
ing media. % 

2 Indicator substances are unm^cessary 
witn total count media. ' 

for. tlii selective*^ inhibition 
e rij 

.j^pl^pd in total count media. 



Sfibsitanecs 

Certain bacterial groups are not in- 



B Composition of Total Count "Media for 
, Membrane Filters ^ 

Almost any Hch/ .general growth promoting 
^ culture medium is acceptable for total bac- 
teria} counts on membrane filters. Several 



C Pf^oblems Enc-ountejrcd* with T^tal Count 
ftfedia 

j^acterial colonial growth habits on mem- 
-^X^QcJll^^s are sihiilar to^eir surface 
growth habits oh^^irmiar agaTn^late-media^ 

; 1 As with agcir plate media, some species 
j'^ ' of bacteria grqw continuously, spreau- 
^ ^ ing over the surface of a membrane 
1 / filter, tending to obscure nonspreading 
• ' colonies which'^otherwise *could be. 
Counted. 

-v 

; t2 Some samples contain an appreciable;^ * 
amount of particulate matter. In sam- _ 
-i|ujL__P^ filtration, this is deposited on the 
|V sutTacF^fllienfnembr^ne- filter Vflth tho»^ 
I bacteria. When the culture mecjlum ' ^ 
I ^ ^diffuses through the filter, a caj>lllary 
\ film of liqtfid culture medium -afebumu- 
' lates around the particles of e)ctraneou.s 
j matter. Bacteria not ordinarny con^, 
V; sidered "spreaders" sometimes develop 
confluent colonies due to the film of. ^ 
liquid me dium^ccumulating around-such 
particles, f 



Prmciples of Culture Media, 



What is the best total, cbunt medium 
use with membrane filters? 



:^f^ 



Because of the relative ease of,^ep^ration, 
most workers prefer the commercially 
prepared dehydrated media;" Difco M- ^ 
Enrichment Broth (B 408) or Baltimore*^ 
Biological Laboratories' M-Enrichment 
.Broth (No. 331) ar^ used interchangeably. 
TotaLcolony productivity of these n^edia 
is equivalent to that of media prepared > . 
frpm the individual components. 



m CULTURE MEDIA FOR TOTAL COUFOR*!^ 
TESTS ON MEMBRANE FILTERS 

A Concepts* < * • 

*. 

The nature of membrane filter culture 
methods Imposes a different definition of ' ' 
coliform bacteria than the JStandard Methods' 
definition. 

1 Standard Methods fermentation tube . ^ 
^ f method. "The coliform group includes 
0 all of the aerobic and facultative'^anaero- 
bic Gram-negative nonspore forming 
^ rod-Bhape€(_bacteria which ferment 

lactoi^e WtlTga^ formation within 48 
— -^—Jipurs at 35°C. " . 




Membrane Filter Methods: "in the ; 
membrane filter proc^edurcs all organ- 
isms that produce a cojony with 
a metallic isheen in •22 -24 hours are 
considered members of the coliform 

.group, Th6 sheen may appear as'a^ 
small centrad focus or cover the 
eatire colony, " The guiding prin- 
ciple is that any amount of she'bn 

• is considcl*e^ positive, 

3 The Standard Methods definition of 
conforms requires demonstration of ^ 
the ability of 6rganisms to produce gas 
through the fermentation of lactose. 
The membrane filter method does ng? ' 
lend itself to the demonstration^ of .gas, 
^ production. It relies instead on the ^ 
development of a particular type ^f 

► colony on an Endd t}q)e of culture ' 
. medium, , The culture medium is one 
in which lactose, basic fuchsin, and 
sodium sulfite cpmprise'an indicator 
eyst^m to cauye differentiation of 



coliform colonies. While the bacterial 
groups measured by membrane filter 
m.ethods are not identical with the group 
measured by Standard Methods pro- ' 
cediires, they are believed to be es- 
sentially the same, and to have equal 
sanitary sipiificanco. 

B Composition of Coliform Media for 
^Membrane Filters 

Several different media have been suggested 
^ for coliform tests on membrane filters. 
The con>ponents of these media can be 
classed'into three convenient groups for 
general considerations. 

1 Growth-promoting substances. Growth 
of^acteria on all the media is favored bv 
the inclusion of such components as 

^ peptones <as Neopeptone, Thiotone Casy 
.tone, Trypticase, and other proprietary 
peptones), yeast extract, dipotassium 
phosphate (for adjustment of reaction of 
the medium), and distilled water. Lac- 
tose is included, in all these media. It 
serves doubly, to favor growth of coli- 
form bacteria, andas aness^tial con\po- 
nent of the systems for differentiating 
colifol:m colonies. 

2 ,Two kinds of differential indicator 
systems are available for demonstration 
of lactose fermentation on membrane 
filters'. 

a^ Lactose -basic fuchsin -^odiuni sulfite . 
system (*Endo type media). 

1) Mqdi'i.ujing thia «3y:jtem include 
lactose and a suitable concentra- 
tion of basic fuchsin which,has been 
partially decolorized with sodium 
sulfite. 

2) The basic fuchsin-sodium'*8ulfite 
complex requires very careful 
standardization. An excess of— ^ 
either component results in an 
unsatisfactory culture medium. 

3) The indicator system demonstrates 
lactose fermentation as^ follows: ' 



a) The coliform bacteria produce 
• • aldehyde as an intermediate ^ 

product of theiermentation of 
*' lactoae. 

b) The aldehyde is "complexed" 
by the sodium sulfite-basic 
fuchsin indicator. In this pro- 
Cess a reaction occurs in which 
red color is restored to the 
basic fuchsin. Colonies of 
bacteria fermenting lactose 
assume the color of the re- 
stored fuchsin. As the restored 
dye accumulates, it apparently 
precipitates on the colony, ^ 
giving the colony a character- 
istic green-gold surface sheen. 
The reaction occurs best in an 
alkaline medium. The culture 
medium is adjusted to pH 7. 5; 

4) Endo type media require very 
careful standardization for suc- 
'cessful use in the laboratory. 
Mos^ workers prefer to use a 
commercially prepared and stan- 
dardized medium* M-Endo Broth 
MF is the reconimendedjcoliform 
medium for use with membrane 
filters. 

pH indicator-system 

1) Media using this system rely on 
detection of pH change due to the 
accumulation" of organic acids, 
end products of lactose ^ 
fermentation. - ^ ' 

2) Bromcre&ol puiple, for example, 
• is a pH indicator, -approaching 

yellow at more acid pH. Colon- 
ies fermenting lactose and ac- 
qujn\ilating organic acids there ^ 
forQ turn yellow* * . 

3) Studies In England with membrane 
filters for fcoltform tests have 
been based on a modification of* 
MacConkey's Medium^ using this 
principle of qolony differentiation 
in coliform tests. 




Inhibitory substance s in membrsdie 
liter coliform media ^ ^ 



( 



nfusing and erroneous results in 
brm detection can hp» rflnsed*by 

the overgrowtn of the memh^rarie * 
filter by extraneous nonlactose 
fermenting bacteria, preventjtag 
coUform colonies from developing 
, the characteristic color' and 
sheen; and 

2y the development of sheen \ 
colonies of lactose fermenting 
bacteria which produce acid hut 
not gas in the fermentation of ^« 
Jactose* • ^ I 

b •These, difficulties can r. e 
through incorporating of substdnces 
harn^less to coliform bacteria but 

, which have inhibitory effect on grow,th 
of 'extraneous forms. Attention must 
be given to the concentration of such , 
substances, as excessive axnounts 
also will reduce the productivity of 
the medium foi; coliform colonies. 
The following components of various 
culture media have proven useful in 
suppressing growth of nonconform 
bacteria on memWane filters\ ^ ^ 

1) Basic fuchsin-sodium sulfite. A1-' 
though these compounds are included 
in Endo -type media for their role 
in differentiating coliforms from 
other types of colonies, they are 
effective in preventing the growth 
of many of the noncoliform bacteria 
pccurring in water samples. 

2) Ethanol (95%. . . NOT denatured) is 
included ifi M-Pndo Broth MF.,. In 
the concentration used,' ejhanol 
suppresses growth of/some kinds 
of noncoliform bacf^ria, and tends 
to limit the colony size of others. 
In addition, the«etha{iol seems to . 
increase the solubility of some of. 

^ the- other components of tbe meiiia* 



\ 
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3) Solium desoxycholate or bile salts 
are used in such media as M-Endo 
Broth MF, andTn fhe' modified 
MacConkeyfe IVfedium for membrane 
-filters used in British^Studies. They 
are included primarily for their in- 
hibitory effect against Gram-positive 
cocci'and spore formers, * 



Mflfipds Available for Using Lwiifi'im 
Media with Membrane Filters 

1 Single-stage coliform tests 

a --After sample filtration, 1;he mem- 
brane filter Js incubated for the 
desired time on a selective coliforn 
differentiating medium. 

b The coliform colonies are counted 
K without further tests. 

c M-Endo Broth MF and LES Endo 
Agar Media are alternate standarJ 
single-stage coliform media. • ^ 

2 TworStage coliforni tests 

a Immediate coliform test 

1> After sample filtration, the mem 
. ^ brane filter, is incubated la - 2 
'fhpiftrs oRthe enrichment mediuir 
*of lauryl tr yptose broth. ' 

2) The* meml^rane is then transferr*^ 
to a new absorbent pad ^iurated 
with the standard diffei^ential 
T medium for coliform bacteria, 
and incubated. for 20-22 hours at 
35 +.0.5C. 



3) / The coliform colonies are coanted 
without further tests. 

4) This test procedure, based on 
EHC Endo Mediurn„_was described 
in the, lOth edition of Standard / 
Methods. With the 12th edition, 
an official two-stage coliform test 
has been adopted^ based on LES 

^,F,nffo Agar Medium. . 



I) Delayed intt jbation coliform tes 



1) After sample filtration, 'the mem- 
brane filter is placed on an al^- 
sorbent pad saturated with benzo 
ated Endo Medium or with LES 
Holding Medium. The filter ma> * 
be preserved up to 72 hours at 
"ambient temperatures. During * 
this time it gan be transported or 
stored. Growth is stopped or 
greatly rtfduced. 



2) 



3) 



4) 



The membrane filter can ^e. 
transferred to a fresh absorbent 
pad, saturated with such a mediu.n 
as M-Endo Broth MF, or to LES 
'Endp Agar and incubated up to 24 
h^nfrs. 

The differentiated coliform 
colonies are counted as with 
other membrane filter coliform 
m^^dia. , 

This test procedure makes it 
possible to filter samples in the 
field,/^ place the filters on<pre- 
servative medium, then mail or 
transport them to the laboratory' 
for completion of the bacteriologi - , 
cal examination. The procedure 
is designed to eliminate the need 
for maintaining sample tempera- 
ture in the interval Befween, 
sample collection andjhitiation 
of the bacteriological ex^kminatidn. , 
In addition, the nriethod Should 
produce results more nearly 
reflecting the quality of the source 
water than is available with other 
methods of collecting and testing » 
samples. 



Verified membrane filter coliform 
test - V 



This is used to verify the interpreta- 
tion of differentiated colonies on any 
type of membrane filter coliform 
medium. Th6 test is suggested fpr: 
self-training of laboratory workers, 
for evaluation df new or experimental 
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media, and in any water examinatioj 
in whicti the interpretation of results 
is in doubt or likely to be involved in 
' legal cotitroversy. 

b The*^test consists 9f obtaining pure 
• cultures from differentiated cbliform 

* like colonies on membrane filters; • 

and subjected them to further cultural 
and biochemical tests to establish 
their identity as Gram -negative non- 
sporeforming bacilli which ferment * 
lattose with gas production. The 
technical procedures are described . 
elsewhere in this manual. 

IV MEDIUM FOR THE FECfAL COLIFORM ' 
TEST 

Concepts * 

' ^ The selectjLve effect of elevated temperatur ^ 
' ' lias beenvthe most important development 
in f^cal^olifopm tests .since 1904. ^ In that 
year, Eijkman discovered that coliform 
ba<:teria from the gut of warm-blooded 
""ariimals produced gas from glucose at 
46°C,-.while the majority of coliform 
byacteria from other sources did not. 
Media variations were of only 
secondary importance. ' • , , 

' Much medium variation has resulted from 
attempts to ^Jelect for Escherichia coli, ^ 
only, as the fecal coliform. While K. cpli 
is usually the predominkni coliform in 
human (anti animal) feces, other types * 
are present, including the alleged soil 
and plant coliform, Aerofeacter 
aerogenes in very large numbers. 
All cQliforrris demonstrated by isola- . 4 
Hon to have arisen in feces are called here 
fecal* coliforms and are measured empir - 
ically by the^ fecal coliform tube test. 
MemBran'e filter tests reflect divergence' 
of attitude on indicators of fecal origin. 
Delaney et al; (1962) have published:. 
Measurement of JE. cpli Type I by the 
Membrane FHterT Geldreic^ et al. (1965) 
have presented: Fecal-Coliform-Qrganism 
Medium ipr the Membrane Filter Technique 



^ Temperatures are the same but media are^ 
different. Because the fecal coliform test 
appears n\ore convenient, it will be 
emphasized. 

B Composition of FecaL Coliform Medium 
MFC r' ' 

1 MFC medium is a rich growth medium 
containing lactose, proteose peptone 
no. 3, tryptone and yeast extract. A 
level of . 3% sodium chloride produces 
favorable osmotic balance. Vigorous 
growth results. A practical result is 
shortening of test time to 24 hours, 

. . The growth coaslituents are similar to 
those of the tube test for fecal coliform. 
poth have* 0, l§^o bile salts to select for 
coliforms but elevated temperature is 
the m^ore important selective factor. 
»» - * 

2 The.ifndicator system of aniline blue 
results in blue fe)pal co^^b^rm colonies. 
Nonfecal coliform colemes, generally 
few, are gray to cream-colored. 

C Special Problems with MFC Broth. Medium 

1 Temperature control must be accurate. 
Current recommendations call for 
44. 5 + 0, 2 C and the temperatur^o 
*be maintained in a water incubatoi; 
of forced circulation. 



lemperature equilibration must be 
rapjld. Nonfecal coliforms may initial 
growth at lower temperatures and sub- 
sequently give false positive blue 
colonies when incubated at 44. 50jC. 
No more than 20 minutes lapse o^'time ' 
is recommend^ (} from filtration to 
incubation. Submergence in waterproof 
plastic bags reftuces attusil temperature 
equilibration t^lO ^12 minutes. 

Rosoli6 acid presents some problems 
in preparation. It is practically 
insoluble in water and of limited 
stability in aficaline solution, A 1% 
solution in 0. 2 N NaOH should be 
prepared and this added td the medium 
as recommended by the manufacturer. 
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V MEDIA FOITFECAL STREPTOCOCCUS 
' TESTS 

• • 

A introduction 
\ 

1 The development of nxembrane filter 
culture medi^ for the fecal streptococci* 
refV^tsthe continuing 'interest in this 
groupl>f bacterial indicators of pollution. 
The productivity of enterococcus media 
recently nas been greatly increased^ 

2 Standards of performance of a good 
fecal streptococcus medium correspond 
with those of a good coHform medium 
on membrane filters. t'Thus, the 
requirements of productivit;^, specificity, 
ease of use, and reproducibility of the 
medium, are equally applicable to 
medium for the detection and enumera- 
tion of the fecal streptococci. 



c <nie selective compon^t of KF Agax 
^ ' is^sadium azide, used in 0.04% 



concentration. 



B "-KF Agar 

1 This streptococcus medium was 
developed at SEC by Kejjjier, et al. 
ahd designated KF agar/ 

While KF medium is productive for 
detection and' enumeration of the 
Fecal Streprtococcus Group,^ its use 
is hampered by nonspecificity. Studies 
have demonstrated that the medium 
. supports growth of S. bo vis ., and other 
forms common in animals, but n6t 
numerous in the fecgtl. e^ftcreta of humans. 

2 Composition of KF Agar i 

a Nutritive requlreznehts of the fecal 
streptococci are supplied by peptone, 
yeast extract, sodium glycerophos- 
phate, maltose, la'ctose, and dis- 
tilled water. \ 

The' indicator system is phenol/red 
«a( arfd 2, 3, 5 triphenyl tetrazojlum - 
chloride. On KF Agar usedf with • 
membrane filters*:. the':fecar strepto- 
coccus colbnies develop as small 
col6nies» up to 2 mm in diameter, 
colored vaj^ious shades* from 
pirjk to a dark wine 'color.^ 
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I INTRODUCTION 



A Wide Range of Filtration Volumes 



1^ The membrane filter permits testing 
a wide range of sample volumes, from 
several hundi*ed milliliters* to as little 
as 0.0001 ml, or even less. Suitablfe'^ 
dilution of sample volumes sniaUer 

> than 1.0 ml may be required for 
accuracy of^sample measurement. 



While the method lends itself to a wide 
raiije of sample volumes, the filter has 




SELECTION OF SAMPLE FlLmATICW VOLUMES 
FdR MEMBRANE FILTER METHODS 



limitations in the number of iso^ted 
(or countable) dif^renti^ted colonies 
which c&n develop on the available sur- 
face areii. Figure X illustrates a t^om- 
,mon pattern of cplony counts over a 
/ ^ide range of sample filtration volume*^. 



^r both the totad coloni^' and the 

cwiform^coionies there-is a pro- 



portional relationship Belween colony^ 
count and sample volume ^jfer much 
of the range of sample volumes. 
With increasing colony counts, there 
are some levels above which the ppo- 
portipnal relationship fails, both for 
total and for coliform colonies, — 

In the straight l,xnes in Figure 1, f 
where there is proportionality be- 
tween colony counts and filtration 
volumjes, it is possible to compute 
density o,f bacteria in the Sample, 
'ba^^^djog^^tne equation: 



No/ organisms 
per 100 ml.* 



f 100 X 



No. colonies counted 
No. ml of sample 
filtered 



yhe equation is, not quantitatively 
re liable^ in the curvect portions of 
the line^. - 



3 

O 



— 




Total Colonies 



Colifoi*m Connies 
* ^ ' « ' t ' ' 



B Sc^e of this. Presentation • 

1 To explain limitations on quantitatively- 
reliable colony counts* on membrane ^ 
^filters. 



^ Sample Volume * ^ . i 
Figure 1 | ,1 

The graph is based on coliform de- 
terminations using M Bndo Brpth 
MF. * The line ^iesignat?d "Total * 
Colonies" includes both cpliform and ^ 
noncoliform colonies'. The "Coliform 
Coloniep" line refers only^differr 
erttiated colonies hayingthe typical 
color and sheen of boUform colonies 
on the medium, ' 



n — 

2 To^present.numbers of colonifefe acceptr 
, ablfe for quantitative tests witq avaifabl* 
media. 

3* To liemonstrate the different 'quantitative 
bacterial density ranges deter mJ.neaT)y— 
single-volume ^iltrations, with ava^ilabl'e 
fnedpla. 
i ^ * 

4 To demonstrate^quantitative range^ 

coviered by a series of filtration volun^ •* 
with currentjy-used differential media. 



/ 
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^Selection of Sample Filtrati^ Volumes 



n 



•5 To prbvide guidance for selection of 
Sample filtration voluAies under the ^ 
following practical conditions: 

a When there is need to determine 
compliandis with established bac- 
teriological water quadity standards. 

, IT When there is need to determine 

density of a specifiedbacterial group. 

1) In the Absence of prior bacterio- 
logical data^ and 

2) W-hen prior bacteriological data 
are available. 

LIMITATIONS ON COLONY COUNTS 
USED FOR QUA^^TITATIVE WORK 



A- -Bacterial Density 



^4 



1 The minimum sample volume should 
result in production of at least 20 
colonie3 of the bacteria being counted. 
Sainplc^>yolurties yielding lesseV numbers 
of fiploliies are subject to unacceptably 
' large raMorij variations in the computed 
b^ctei^ial xdeftsity, determined as above 

. ,{1. A,:'2L " 

^;^Tiie tpaxinium acceptable colony density, 
for qukntitafive detcrminalions, is vari- 
able Wth the bacterial group tested and 
the medium .used/ Factory influencing 
maximum acceptable .colohy density^ 

include: " ' * * ^ 

"•■^ • •* 

a S ize of colonies, . In principle, each, 
CQlony should represent one Jjacterial 
cell deposited on the fUter, or, con- 
versely, ekch' bacterial cejl deposit- 
ed ort the filter should result ia pro- 
duction of a recognizable colony. 
Madia' producing relatively large ♦ 
''colonies (as in the fecal coliform 
test) will su^ort smaller numbers 
of colonies on the filter than media 
producing smaller polonies (such as 
fecal streptococci), *^^^^8"y 
size is large and*the numn^f^of Bac- 
" teria deposited on the filter is gtfeat, 
some colcftii^s will represent two or 
• more cells initially deposi ted orf the 



filter, and the quantitative 
of the test is impaired.^ 
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reliability 



. b S ele ctivi ty of me d ium. Highly 
selective media permit growth of 
relatively few colonies of extraneouB, 
unwanted, bacteria. The available 
area of the filter is occupied pri- * . 
• marily by colonies of the group 
tested. Thus, with a highly selective 
medium such as that used for fecal' 
streptococci, it is reasonable to 
' expect good.'quantitative results with 
relatively high colony counts. Con- ^ 
versefy, media having limited 
selectivity (such as Endo-type media 
for*co^orms) supports growth of 
^ considerable numbers of extraneous 
bacteri^ colo^iies, and it is necessa.ry 
to place arbltrary;limitations on the 
'nflmber of colonies per merabrane in 
quantitative studies. 

^ fi j^ochemical interference betw een 
nuighb oring colonies . Associated 
' » with the physical crowding effects 
noted in (b) above, sheen production 
^'of colifor^ colonies may'be ihhibited 
by dViercrowtling of cdlohies. This 
.reinforces the need for restriction " 
' of colony density on the filter.^ 



B Suspended Matter 

1 Particulate matter in the sample can 
ho a limitation in application o£ mem- 
brane filters, especially when the 
amount of sus{\end6d matter is relatively 
great , and the baclerialfeflensity is low. 

2 Difficulties froni suspended matter in 

* th^ sample may Be 'apparent in several 

waysy * « 

' a The pores of 4;he filter may be 
occluded, limiting the volume of 
' sample |that cai^be filtered. This 
problem has been noted in waters 
rictj iryclays and i^ waters containing 
large populations of ce rt^n diatoms ' 
or other a^ae." 

b Fibrous matter can be "troublesome, 
due to the tendency for a capillary 
f filrfi of liquid culture .medium to form 
^around the fibers. Colonies in contact- 
with sjuch fibers tend to gt*ow along 
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in 



the path of the fibers, assmning 
highly irregular forms. Sometimes 
these^ colonies cover abnorm^lt^ 
large areas of the filter surface. 

c A more or less continuous noat of 
particles may be collected from 
some samples, with each particle 
soon surrounded by a film of^liquid 
culture medium. On such filters, 
distinct colonies usually , fait to 
develop as discrete entities, but 
grow in a more or less continuous 
film over the entire surface of the 
filter; 

Problems due to particulate matter 
often ca« be reduced by filtration. of 
the selected^volume of water in two or 
more smaller increments*, through 

"TStrparate filters. In effect, this is a 
means ofeiilarging the available 'Sur- 

* face area or%ti^ fitter. 

• ^^^^ 

Prefiltratioh of the^s^mple through a 
coarse filter for preliirJi^ary removal 
of extraneous particulate matter is not 
jrecommended in, quantitative work. 
Prefilt ration invariably results in re- 
moval of unpredictably large numbers of 
bacterial cells. 

In some cases the problem of particu-^ 
lates cannot be* solved, ^nd it must 
then be conceded that the membrane 
filter method is not acceptable for such 
samples. , It thdn becomes necessary to 
resort to other procedure^, such as the 
dilution tube method or-agar plating 
methods • 



UMITS ON NUMPER OF COLONIES ON 
FILTERS WITH VARIOUS MEDIA 



The recommended limits shown in 'table 1 
are empirical values based on re- 
search experience. It is believecj that quan- 
titative determinations of acceptable statistical 
relia-bUity car^be obtained if the determinations 
are based on Colony counts within the limita- 
tions shown. * 



IV RAJSTGE OF BACTERIAL DENSITIES , _ 
COVERED -BY SINGLE-VOLUME ^ 
FILTRATIONS 

A ^ The equation .used in Section I of this out- 
line can be used with any sample filtration 
volume to determine the bacterial density 
range over which acceptable counts can be 
made. ' ' ' 

For example, assume that a sample of 
10 ml is used for a quantitative? determi- 
nation of total coliforms, fiased on Table 
, 1, ^quantitative determinations should be 
based on a filtration volume yielding 20 - - 
80 colijorm colonies. Compute 
the cohforms per 100 ml based on 20 
colonies and on 80 qolonies per filter. This 
will be the bacterial density range eovered . 
by a 10 ml filtration volume, thus: 



*for 20 colonies: 
No. eoliforms per 100 ml = 100 X* 



= 200 



and for 80 colonies. 



: No. colifprms per 100 ml « 100 X* 



1!L 
10 



80 
10 



B0% 



Thus, a 10 ml sample portion is appro- 
priate for determination of total coliforms 
in the range 200 - SOt per fOO mL 



Referring to Figure 1, a specific number of 
colonies is not shown for acceptable propon^* 
tipnality between colpny number*anrfjlltration 
;volumer Fixed limits cannot be state^d for all* 
;test.,iutaations, for these limits dre somewhat 
"^S^iable Trom one culture medium to another 
and from one sample source to auiother. 



B Table 2 illustrates the ranges cpy<?i:ed for 
several filfr^ion volumes, wifh cdlony 
counts in thc^ianges 20 - 60, 20 - 80, and 
29 - 100 perfi}ii^tion volume. 
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Table 1., RECOMMENDED COLONY COUNT RAIJ.GES FOR 
QUANTITATIVE DETERMINATIONS WITH 
MEMfiRANE FILTER TESTS - 





T^st 


. . 'No. 


colonies 


Medium ^ 


Remarks 


0 


Minimum 


Maximum 


• 7 . 


Total Coliform. 


20 




80 


M Endo Broth MF, 
LES Endo Medium 


Not more than 200 
colonies of all types 




- Fecal Coliform «^ 
f 


. . 20 




60. 


M FC Broth 




N 


Fecal Streptococci 


20' 




100- 


M Ente'rococcus 
Aggir, KF Agar* 






TotaL Counts ' * 


20^ 




200 


M Enrichment 
Bi:oth ' 


Spreaders may 
require^ adjustment 



Table 2. RANGES COVERED BY REPRESENTATIVE 
FILTRATION ;VOLUMES " ' - ■ 



Ml sample 
filtered 



20 colonies 



Bacteria l count per 100 ml blised on 

60 coloniesr^ SO'^cclonies ' 100 colonies 



100 
10 . 
1 

0.; 

O.Oh 



20 

. 200 
20b0 
20,000 
200,' 000 



60 
600 
6000 
60, 000 
600, 000 



80 
800 
8000 
BO, 000 
800, OOO 



^ 1 



100 
1000 
10, 000 
100, 000 
, 000, QOO 



C Application of a Series of- Filtration 
Volumes 

1 Examination of Table 2 shows that for 
quantitative work on membrane filters, 
to ejctend the range of any test, it is* 
necessary to filter two or more diffe'rent 

^ sample volunips; The worker u^es the 
one sample volume yielding a quantita- 

f tively acceptable number of colonies to 
compute^the bacterial cpunt p^r 100 ml. 

2^ Further, it? cdn^f^e seen that varying th^ 
filtration Volumes by decimal-increments 
will be inappropriate; there are values 
within the total^range covered in which 
the colony number would fall outside the • 
critical counting -range fot the test being - 
made'. • ^* 



with an acceptable number of colonie3, 
the range of filtration volumes should 
be along these lines: 

a Total coliform QOunt§ should be 
• _ based on filtration volumes varying 
by |i factor of 4, or "less. 

b'' Fecal coliform counts should be 
based^on filtration volumes varying 
bj a factor of 3, or less. . 

Fecal^treptocotjcus counts should - 
be b^g^d on filtration volumes vary- 
* ing a factor pf 5^ or less. 

SELECTING FILTRATION VOLUMES 
FOR MEMBRANB' FILTER TESTS 



In order to give-* maximum assurance , . 
that a series of varying filtration 
'ir^lumes will yield at lea^t one membrane 



- TO-4 

,er|c 



Total' Coliform Counts « 

1 Deteroaination of compliance with .exist 
^ ing bacterisrt quality-standards. ^ 



Selection of Sam ple Filtration Volumes^ 

. • .. ■ 51 



a For all tests to determine whethi^u- 
water meets PHS Drinking Water* 
quality standards, minimum sample 
sizes are prescribed as 50 ml, with 
100 ml samjJle volumes suggested, 

bv With tests in whidh it *is assumed 
that coliforms are present in some 
numbers, and the test is to determim- 
whether some limiting standard (as 
1000 per 100 ml in natural bathing 
waters, prt»scribed by some 
agencies), another approach is ^ 
suggested. Hdre, select the sample 
filtration volume which would be 
quantitatively most acceptable to 
count coliforms at the limiting value. 
For example, with a limiting value * 
of 1000 per 100 ml: 



2) Polluted raw surface water, 0, 0.' 
0.08, 0.15, and O.Smlstoiples 
will cover ^ opunt range of 4000 
to 4.00,000 perJOO ml. 

3) Sewage and dilute sewage, with 
filtration volumes oft). 0003, 

• 0.001, 0.h%3, and 0.01, will 
cover a count range of 200, 000 
to 27, 0.00; 000 oer JOG nj. 

If prior coiiform data are available 
Use the equation: 



3asic filtration 
volume in mT 



K)0 X 



50 



Average coiiform c^" 



^ '• organisms 
100 ml 



= _.100 X 



No. colonies countr - 
No. ml of sample iili? 



Example: Assume that prior data 
indicate average coiiform count of 
35, 000' per 100 ml. Using the 
equation: 



I his pre\iouslv given equation can be rearrange^-; 



'^asic filtration volume in ml = 100 X 



50 



'^nmple filtration 
!um^ in ml 



JOO 



No. colorues couifteti 
No. organisms/ 1^0 tr\ 



md from this- 

<■ 

Sjmple filtration volume 
in ml 



\ 



^ 



35, 000 

. = 0.143 ml 

Round off the filtration Volume to 
0.15ml. . . 



lOQ X 



50 



1000^ 



KLC 



(The value 50 iff the^idrango number 
' of colonies for an acfceptable colony 
count of 20 - 8p/for Computing coii- 
. f^rms per lOO.mJ) 

^' 2*"* In; quantitative wp^^k, to cietermine 
rii^ber of colifortps per llOO ml the 
worker may or inay riot have prior 
. information or standards lo use as 

guidance in^selecting filtration volumes. 

a In^ absence' of prior bacteriological 
data • ^ 

' ■ ^ 1 ' ■ 

1) .Unpolluted raw surface water, 1, 
^, 15, and J50 ml samples will " 
cover' a count range of ^3 ~ 8000. 
per lOO^ml." 



To assure a reasonable count- range, , 
filter increments of 0. 04 andH). 60 mi 
in addition. This will provide for 
-acceptable coiiform counts in the 
range of 3300 to 200/ 000 pei* 100 ml 

J 

B Fecal Coiiform Counts , \ 

I Currently, no drinking water standards 
are based on^ecal coiiform organisms. - 

Many states- have environmentallwater 
quality standards which are based on 
fecal coiiform organisms. 



.1 



EJetermination of fecal coliforms 
absence of priot* data. ' * ' \ 



the 



■112 



a^Unpolluted.raw surface water:, \ 
FUter 1, 3, 10, aljd 30 ml samjile"" 
portions. These volxmies will. \ 
cover a fecal'boliform range of \ 
67 - 6000 per 100 ml. 
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Selection of Sample Filtration Volumes, 



b Polluted raw surface wat^r: filter 
portions of 0» 1, o/3, l.Q,'and3lO 
mi.' This will cover a fecal^oliform 
count rsmge of 670 to 60,000 pei* lt)0 
ml. . 

c Sewage and dilute sewage: Filter 
sample: portions; of 0.00D3, 0.001 
and 0. 003 ml.' This will provide for 
^ ^ . counts of 670, 000 to 20, poO, 000 per 
100 ml. 

3 Detojrmination of*fecal conforms in 
presence of prior data 

a When previous fecal coliform counts 
are available: 



Filtration volume = 
in ml 



100 X 



.40 

Av, fecal coliform 
count per 100 ml 



Examjile: Prior data show 8000 fecal 
conforms per 100 ml. 

40 . 



Basic filtration volump in ml » 100 X 

^ Filter volumes of 0. 15, 0.5 and 1: 5 

ml. .This will be suitable for fecal 
coliform counts over the range 1300 
,to 40, 000. 

b -When previous total coliform data . 
are available /but no fecal coliform 
' data are available, use the total 
colifprm value as above, but filter 
3x and 9x the computed basic volurfie. 

Example (from above): Computed 
basic value = 0. 5 ml 

^Filter volumes of 0. 5, 1. 5 and 5. 0 
^ ml. 



C Fecal Streptococcus Determinations 

1 In absence of prior data 

a Unpolluted raw surface water: Filter 
sample portions of 1, 5, 25 and 100-^ 
ml. This will provide for fecal 
streptococcus counts in tfie range 20^ 
to 40, 000 per. 100 ml. ♦ 
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b Polluted surface water: Filter 
sample portions of 0. 1, 0. 5, and 
2. 0 ml. This will provide for fecal 
^ streptococcus counts in the range 
1000 to 100,000 per 100 ml. Pro- 
vision for rather high counts of 
fecal streptococci is m'feide because 
. • of possible situation^ in which pol- 
^ lution of the water originates from 
•^^lomestic or wild animals. In the 
event that such pollution is highly 
"improbable, a filtration series of 
0.2, l.O, and 5. 0 ml (covering a 
count range of 400 to 50, OOO^er 
100 ml) would^e more appropriate. 

2 When prk)r data are available 

a If coliform, btit\not fecal strepto- 
coccus data are available, compute 
, ' . a basic filtration volume as in A, 2 
above, but use the average coliform 
cotmt as a point of reference. If 
significant pollution from dontestic 
or wild animals is believed, n^ieht, 
filter 0. 2X, IX and 5X the b^c ' 
filtration volumes. If the pollution ,^ 
' levels are believed due primarily to 
human purees, use IX, 5X and 25X 
^ the bks^ filtration volumes. \ 

b If prior streptococcus data are avail- 
able;^ use the equation 



Basic filtration, 
volume irvnil * 



100 



60 



Av. Streptococcus 
count per 100 ml 



and filter 0.2X, IX, and 5!X the basic 
. * filtration volume for streptococci. 
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DETAinlaD MEMBRANE FILTER METHODS 



I BASIC PROCEDURES ^ 



A Intro^ction 



Successful application of membrane filter • 
methods requires development of ^ood 
routine operational practices. The 
detailed basic procedures described in 
this Section are applicable to all mem- 
- brane filter methods in water bacteriology 
for filtration, incubation, cl^lony'counting; • 
and reporting of results. In addition, 
equipiment and supplies used in membrane 
filter procedures described here are not * 
repeated elsewhere in this text in such^detail. • 

Workers using membrane filter methods 
• for .the first time are urged to become 
thoroughly fam^iliar with these basiq ^ 
pro^^dures and^ precautions. 

> B Gpneral Supplies and Equipment Li^ 

Table 1 is a check list of ^terials. 

^ C "Sterilizing" Media ^ - 

Set tubes offreshlypr«paredmkdium ina 
boiling waterbath for 10 minutds/'^is 
method suffices f ormedium in tubes up to 
25X150 mm^ Frequent'agitation is needed 
with media containing agar* 



Alternately, oATorm media tsan be 
directly heated^ a hotplate to the first 
bufible of*bolling. Stir the medium 
frequently if direct heat is used, 'to avoid 
charring the medium. 



D General Laboratory Procedures with* 
Membrane Filters 

1 Prepare data sheet 

. ^ Minimxun data required are: sample 

identification, test performed including 
media and methods, sample filtration 
volumes, and the bench numbers 
assigned to individual membrane filters. 

2 Disinfect the laboratory bench surface. 

Use a suitable disinfectant solution and 
allow the surface to dry before 
proceeding. 

3 Set out> sterile culture containers in an 



ordeiMy arrangement. 
Laberthe culture containers. 



Do not sterilize in the autoclave. 



Numbel^s correspond with the filter 
.nim^rs shown on tfie data sheet. 

Place one sterile absorbent 6ad* in 
each culture container, tanless an agar 
medium is. being tised. 

Use sterile forceps for all manipulations 
of absth'bent pads and menibrane filters. 
Forceps sterility is malntsl^ed by 
storing the worldng tips" in about 1 inch 
of lyiethanol or ethanol.~Because the 
alcohol deteriorates the filter, dissipate 
it by burning before usinlf thb {creeps. 
Avoid heating the forceps in t|ie burner 
as hot metal chars the filter. \ 



Si 



^n an agar medium is used, absorbent pads are not used. The amount of medium should^be 
icient to make a layer appro:dtoately 1/8" deep in the culture container. 'In the 50 mm 



plafftic culture containers this corresponds to approximately 6-8 ml of culture medium. 



NOTE: Mention of commercial products and mariufacturers does not imply j^ndprsement by the 
Office Of Water Progfams, Environmental Protection Agency. 
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Detailed Membrane Filter Methods 



Ta^lel. EQUIPMENT, SUPPUES AND MEDIA 



Tota^ Conforms 



Item 



Funnel unit assemblies 

Rir^ stand, with about a 3" split ring, to 
support the filtration funnel 

Forceps, smooth tips, type for 
• MP work ^ 

Methanol, in small wide- mouthed bottle's. 
about*'20 ml for sterilizing forceps 

Suction flasks, glass, 1 liter, mouth to 
fit No. 8 stopper 

Rubber tubing, 2-3 feet, to connect 
suction flask to vacuum services, latere 
* rubber 3/16" I. D. by 3/32" wall ^ 

Pinch clamps strong enough for tight' 
compression of rubber tubing above 

Pipettes, 10 ml, graduated. Mo hr type. 
Sterile, dispense 10 per can per working 
space per day. (Resterilize dally to 
meet need). ^ 

Pipettes, 1 ml, graduated, lAohr type, 
sterile, dispense 24 per can per working 
space per day« (Resterilize daily to ^ 
' meet need). ' 

Pipette boxes, sterile, for 1 ml and 

10 ml pipettes (sterilize above pipettes , 

in these boxes). 

Cylinders, 100 ml graduated, sterile, 
(rc^te^^Uize dally to meet need). 

Jars, to receive used pipettes 

Gas t}unfe^r, Bunsen or similar 
laboratory type 

Wax pencils, red. suitable foe writing 
on glass 

Sponge in dilute iodine^ to disinfect the 
desk tops ^ 

Membrane filters (white/^rld marked, 
sfbrile.and suitable pore size for 
« micrdblologlcal analyaU of water) 

Absorbent pads for nutrient, (47 mm In 
diameter), sterile, in units of 10 pad% • 
p^r package. Not required if medium 
•contains agar. . . . ' , , 
' Petri dishe*, disposable, plastic. 
50 X 12 mm, sterUe 

Waterbath incubator 44.5 f 0.2°C 

Vegetable crispers. or cake boxes, 
plastic, wltl^ tight .fitting covers, for 
membrane filter inctibatlotts 

Fluorescent lamp, with extenslcm cord* 



Ring stand, with tlampt. millty type 



M-Endo 
Broth 



X 
X 
X 
X 
X 

X 
X 



X 
3f 

X 
X 
X 



L.E.S. 
Coliform 



X 
X 

X 

X 

X 

X 

X 
X 



X 
X 

X 

X 

X 



Delayed 
Coliform 



X 
X 

X 

X 

X 

X 

X 
X 



X 
X 

?c 

X 

i. 

4 X 



.X 



Fecal 
Coliform 



X 
X 

X 

X 

X 

X 



X 

X- 

X 
X 
X 



X 
X 



Fecal 
Streptoooodus 



X 

X ♦ 

X , 
X 

^ X 
s 

X 



X 
X 

x 

X 
X 



/ 



Verified 
Tests 



ERIC 



11-2 



Detailed Membrane Filter Methods 




Table I. EQUtPMEinL SUPFUES AND MfiDIA (Cont»d) 



\ r 



Item 



Half* round glaas paper weights for 
colony counting with lower half of a 
2*ot metal ointment box^ 

Hand tally, single ti^t acceptable, 
hand-or desk type 

. Stereoscopic (dissection) microscope, 
magnification of lOX or 15X, prefer* 
able binocular wide Held type 

Bapteriologlcaj^ Inoculating needle 

Wire racks for culture tubes, 
10 openings by five openings pi%* 
ferred« dimensions overall approxl*" 
' mately6"xW 

Phenol Red Lactose Broth In 16 X- 
150 mm fermentation tubes with 
' metal caps, lO.ml per ttibe 

Eosin Methylene Blue Agar 
(Levine) in petrl plates, prepared 
ready for use* 

Nutrient agar slants. In screw 
capped tubes, 16 X 126 mm 

. Gram stain solutions, 4 solutions 
per complete set 

Microffc^e, eorspound, binocular, 
with oil immersion lens, micro* 
scope lamp and immersion oil 

Microscope slides, new, clean, 
l"X3"8l2e 

^ater proof« plastic bags 
for fecal collform culUire 
dish incubation ^ 

' M*Endo ihedium, MF dehydr|ited 
medium In 25 X 95 mm flat bottom«d 
•crew- capped glass vials, 1.44 g 
per tube, sufficient for 30 nU of 
medium *, 

Ethanol, 95% in small bottloi|^ 
screw* c^p«d tubes, about 20ml 
per t\ib« 

^dium benkoate solution, 12% 
aqueoua*^ 25 X 150 mm screw* 
capped t^es, about 10 ml par tube . 

L.E.S. EndoAgarMF, dehydrated 
M-Endo medium, 0. 36 g p^- 25 X 
95 nun flat bottomed acrew^cappad 
glass vial, pluf 0. 45 g agar, for 30 ml 

lactose Lauryl Sulfate Tryptofe Broth 
in 25 X ISO mm test \ube without 
Included gas tuba, about 25 ml, for 
enrichment In L. E.S. method 



^ '^tal Collforms 






* 


M-Endo 


' L.E.S. 


DeUyetT' 


.Fecal 


Fecal 


V eruieo 


srotn 


Coliform 


Collform 


Colifc^rm 




Testa 




X 


X 


X 


X 




V 












X 


X 


X 




X 
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X 
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X 










































\ 




X 


X 




































X 










X 
























X 






























m • 




* 








J 





116. 



lK-3 



Detduled Membrane Filter Methods 



iV 



TUble I. EQUIPM-ENT, SUPPUES AND MEDIA (Coated) 



\ Total Coliforms 






M-Endo 


L.E.S. 


Delayed 


Fecal 


Feqal 


"Broth 


ColUorm 


ColUorm 


CoUform 


Streptococcus 






































X 




















' ' i. 










* 


X 


X 


X 

t. 


X 


X 




r 












,x 


' X 


X 


X 


X 


s 


X 


X 


X 












X 


' x- \ 


X 




X 













Item 



yerUIed 
Te^t 



M-FC Broth for fepal collform, 
dehydrated medium In 25 X 95 mm 
flat bottomed scfew-capped glass 
vials, 1. 11 g per tube, sufficient 
for 30 ml of culture medium 

RosoUc acid, 1% solution, in 
mo. 2N NaOH. In 25 X 150 mm flit • 
S bottomed screwcapped tubes, 
rfbout 5 ml per tube, freshly 
prepared 

KF AfAn. dehydrated m«dtum In 2& .\ 150 mm 
scr«w>capp«tJ tubes, auffident for tO ml. 2. )g 
per tube * " 



>Dllutlon bottles,. 6-oz, preferable 
boro-slUcate glass, with screw- 
' cap (or rubber stopper protected 
by paper) , each containing 99 ml >> 
of iiteriX^ phosphate buffered 
distilled water 

Electric hot plate surface 

Weaker s« 400 • 600 ml (for water- 
bath in preparation of nvembrane 
filter culture media) 

Crucible tongs, to be used at > 
electric hot plates, for 'removal 
^)f hot tubes of culture media for 
boiling waterbath 



Detailed Membrane Filter Methods 



Deliver enough culture medium to 
saturate" each absorbent pad^^ — using 
a sterile pipette. 

Exact quantities cannot be stated 
because pads and culture isontainers vary. 
Sufficient medium should be applied so 
that when the culture container is tipped, 
a ^ood* sized 'drop of culture mecjium** 
freely drains ai t of the absorbent pad. 

Organize supplies and equipment for 
convenient sample filtration. In 
' Jtraining courses, laboratory instructors 
will suggest useful arrangements; 
eyentually the individual will select a 
system of }5ench-top organization most 
.suited to his own needs » The important 
point in any arrangement is. to have all - 
needed equipment and supplies con- 
veniently at hand, in such a pattern as 
to minimize lost time in useless motions.. 

Lay a sterile membrane filter on the 
filter holder , grid- side up, centered - 
over the parous part of the filter * 
support plate. 

Membrane filters are extremely ^ 
delicate and easily damagedr For 
" manipulation, the sterile forceps 
should always grasp*the outer par-t 
of the filter disk, outside the part 
of the filter through which the sample 
passea. . 

Attach the funnel element to the base 
of the filtratiqn unit. 



To avoid damage to-the membrane 
filter, locking forces -should only be 
applied at the lotking arrangement. 
The funnel element never should be 
turned or twisted while being seafed 
and locked to the lower element of the 
filter holding unit. Filter holding units 
featuring a bayonet joint and locking 
ring to join the upper' element to the -x 
lower element require special care on 
the part of the operator. The locking 
ring should beTuTSied sufficiently to 
give a snug fit, but should not be 
tightened excessively. 



10 Sh&ke the sample thoroughly./ 

11 Measure sample into the funnel with 
vacuum turned off . . 

The priniarjr objec^es here are: 

1) accurate n)^asOTement of sample; 

and 2) opiimjmi distribution pf colonies 
, on the filter after incubation. To 

meet Ih^se objectives, methods of _^ 
* 'measurement and dispensation to the 
^ filtration assembly are varffed with 

different sample filtration volumes. 

a With ^samples greater than 20 ml, 
.measure the sample with a sterile 
graduated^cylinder and pour it into 
> the funnel. It fa important to rinse 
-this graduate with sterile buffered'^ 
distilled, watef to preclude the loss 
of Excessive sample volume. This 
% should be poured into. the funnel. 

b With samples of 10 ml to 20 ml, < 
measure the s^mpie with a sterile ^ 
10 inl .or- 20 ml. pipette, and pipette 
on k dry membrane in the filtration 
assembly. - > 

c Wtth sfi^mples of -2 ml to 10 ml, pour 
about 20' ml of sterile dHuticyi water 
into the filtration assembly, then 
measure the^'^aniple into the sterile 
buffered dilution^ater with a. 10 ml , 
sterile'pipette. 

^d With samples of 0.5 to 2 pfil, pour 
fiCbout ^0 ml of sterile dilution y/ater 
into the funnel assembly, then — 
measure the sample into the sterile 
dilution miter in the funnel with a ' 
1 ml or a 2 pil pipette. • 

e If a sample of less than-Or^^ml is to 
be filtered, prepare appropriate 
dilutions in sterile dilution water^ 
and propeed ^s japplicable in item c 
or d above • 

When dilutions of samples are needed; 
always make-the titrations a^oon 
* as possible after dilution of the 
sample; this never should exceed 



NOTE: Men^on of commercial products and manufactjyr ers does not imply endorsentent 
by thd Office of Water Programs, Environniexttal'Protection Agency. « ^ 
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30 minutes. Always shake sample 
dilutions thoroughly before delivering 
measured voliunes. 



12 Turn on the vacuum. 



-Open the appropriate spring clamp or 
• valve, and filter thfe "Sample J 

After sample filtration a few drbplets 
of sample usually remain adhered to 
the funnel walls. Unless these droplets 
. are removed, the bacteria cofttc^ed in 
them will be a source of contamination 
of l^ter samples, (In laboratory 
practice t^e fimnel iinit is not routinely 
sterilized between successive filtr&tions 
of ^ series). The purpose of the funnel ^ 
rinse is to flush all droplets of a. sample 
from the fimnel wadls*to the membrane 
filter. Extensive tests have shown that 
with proper rinsing technique, bacterial 
retention on the funnel walls Is negligible. 



13 ■ Rinse the sample throurii the filter . 

Aftei* all the sample has passed' through 
the membrane filter^ rinse down the 
sides* of the fimnel walls with at least 
20 ml of sterile dilution water. Repeat 
the rinse twice after all the flx'st rinse 
has passed throu^ the filter. Cut off 
' ^ suction on the filtration assembly. 

14 Remove the fxmnel element of the filter 
• holding unit. 

If a ring stand with split ring is used, * 
hang the fimne^l element on the ring; 
oth^tt^wise, place the inverted funnel 
elem^ifnt on the inner\suriace of the ^ 
wrapi)ing material. Thiis' requires 
care in op^ening the sterilized package, 
but it Is effective as a protection of the 
funnel ring from contamination. 

15 Take -the membrane filter from the 
filter-holder and carefully plac^ it, 
grld->slde up on the medium. . 

Check that no air bubbles have been 
trappeB betweoi'the membrane filter . 
andihe-underlying absorbent pad or 
agar. Relay the membrane if necessary. 



18 " ^Place in incubator after finishing 
filtration series. 

Invert the containers. ^The immediate 
atmosphere of the incubating membrane • 
filter must be' at or very near 100% 
relative humidity. ' \ 

17 Count colonies which have appeared 
after incubating fbr the prescribed 
time . 

A stereoscopic microscope magnifying 
10*15 times and careful illumination 
, give best cotuits. 

For reporting results, the computation 
Is: 

' bacteria/ 100 ml = 

No. colonies coimted XlOO * 
Sample volume filtered in ml 

Example: ' , . ^ ' 

A total of 36 colonies grew*after 
filtering a It) ml sample. The 
number reported Is: 

- - 36 colonies ^ ^ 

Repprt results to two significant figures. 

Example: 

A toted of 40 colonies grew aft^r 
' * ' filtering, a 3 ml sjample. 

ThTs calculation gives: ^ ^ 

40 colonies ^ ^ 1333. 33 per 100ml 
3 ml • 

» « 

But the number reported should be 
— WOO per 100 ml. 
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n MF LABORAT0RY TESTS FOR 

COUFORM GROUP ^--^^ 

A Standard Coliform Test (Based on M-Endo 
^ Broth MF) 

I Ctilture jjn^edium 

? a M-Endo Broth MF Difco 0749-02 
or the equivalent BBL M-' Coliform 
Broth 01-494 



Preparation of Culture Medium/ 
(M-Endo Broth) for Standard ^F 
Coliform Test 



Yeast extract 1;5'* g 

Caffitbne or equivalent 5.0 g 

Thiopeptone or equivalent 5.0 g 

Tryptose 10.0 g 

LactW . 12.5 g 

Sodium desoxycliolsL?h \. 0.1 g 

Dipotassium phospjiate \ 4.375 g 

Monopotassium phosp^te \ 4*375 g 

Sodium chloride \ J 5.0 g 

SoBium lauryl sxilf^t^ 0. 05 g 

Basic fuchsia (bacteriological) . 1 . 05 g^ 

Sodium sulfite • ' / 2.1, g* 

Distilled water (containing * 1000 ml 
20.0 ml ethanol) 



This.medium is available in 
dehydrated form and it ia j:*ec- 

• ommended that the commercially ' 

* available mediiun 6e used in ^ 
preference to compoundtaig the 

medium of its individuSPconstituents. 

To prepare the Triedlum for usei 
suspend the dehydrated mediuxfi at 
the rate of 48 grams per liter of 
* -water containing ethyl alcohol at 

the rate of 20 ml per lite;p. 

f ^ - — ^ 

^ As a time-having convenience, it is 
recommended that the laboratory ~ 
worker preweigh the dehydrated ^ 
medium in closed tuber for several 

/•day 9, or even weeks, at one operation. 



N With this system, a large number 
of increments pf dehydrated mMlum 
^ " (e.g.* 1.44 grams), suffi cient for 
some convenient (e.g.,' 30 ml) 
volume of finishejl culture medium 
are weighed and dispensed into 
screw-tapped culture tubes^ and 
stored until needed. Storage should 
ii preferably be in a darkened disiccator. 

A supply of distilled water containing 
' 2Q ml stock ethanol per litei" call be 
maintained. 

When the medium is to be used,' It^ 
is reconstituted by adding 30 ml of 
the distilled water-ethanol mixture 
per tube of pre- weighed dehydrated 
• cultuTje medium. 

b Medium Is "sterilized" as dlrebted 
in I, C. 

c Finished medium* can be-reteined 
. up to 96 hours If kept in a cool, 
. dark place. Many workers prefer 
to iTeconstltute fresh medium daily. 

2 ^•iltratlon and incubation 'procedures 
are as given in I, D. 

Special instructions : ' 

a For counting, use the wide field 

binocular dissecting microscope, or • 
simple lens* For illumination, use 
a light source perpendicular to the 
^ plane of the membrane filter. A 
' small fluorescent lamp i^fleal for ^ 
^ the purpose • ^ 

b Coliform colonies have a "metallic" 
suriface sheen under reflected light 
which may cover the entire colony, or 
it may ap|>ear only-in the center. Noh- 
coliform colonies range from 
colorless to pink, but do not have 
the characteristic sheen. t-^, 

c Recoi*d the colony counts on the 

data sheet, and compute the coliform 
count per 100 ml of sample. 
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B Standard ColilDrm Tests (Bas^d on U-E, S; 
Endo Agar) ; • 

The distinction of the L, E, S» count is a 
t\\ro hour enrichment incubation on LST 
broth. lyi-Endo L»E,S. medium is used 
as agar rather than the broth. . 



I4 Preparation of culture medium 
i_(L,E.S. Endo Agar) for L.E.S, 
\coliforni4est / * 



' al Formula from McCarthy, Delkney, 
and Grasso (2) ^ * 



Bacto-Y^st Extract 


1.? 


g 


Bacto- Casitone 


3.7 


g 


Bacto- Thiopeptone 


3.7 


g 


Bacto-Tryptose 


7.5 


g 


Bacto- Lactose 


9.4 


g 


Dipotassium phosphate 


• 3.3 


g 


Monopbtassium phosphate 


1.0 


.g 


Sodium chloride ^ 


3.7 


g 


Sodium desoxycholate 


. 0. I 


g - 


Sodium lauryl sulfate - 


Q. 05 a> 


SoditTm sulfite 


1.6 


g 


Barcto-Basic iyishsin 


0.8 


g 


Agar • ^ ^ — > ' 


15 


g 


DisTilled water (containing 


1000 ml 


20 ml ethyl alcohol) 







b^ To rehydrate the medium; "suspend 
51 grams in the Water- ethyl alcohol 
solutipn. ' , • ^ 

c Medium is "sterllis^ed" as directed 
Inl, C. , * 

d Pbur 4*6 ml of freshly prepared Agar 
ihto the smaller half ofjthe container. 
Allow the medium to qool imd solidify. 

2 Procedures fdr fUt ration and incubation 

a Lay out the culture dishes in a row 
^ or series of rows as usual. Place 
' these witli^the upper (lid) or top 
, .side down, . 

h Place one sterile absorbent pad in 
the larger half of each container 
(lidK Use sterile forcepp for all 



. manipulations of the pads. 
(Agar occupies small6r half or 
bottom). 

c Using a sterile pipette, deliver 
enough jingle strength lauryl , 
sulfate tryptose. broth to saturate 
the pad only. Avoid excess medium. 

d Follow general procedures for 

filtering in I, D. Place filters on 
" pad with lauryl sulfate tryptose 
broth. 

*e Upon completion of th6 filtr&tions/ 
invert ihe culture coi^iners an4 
incubate at 35oc for 1 1/2 to 2 
hours t 

' 3 2-hour proefefiures 

• 'a Transfer thfe membrane filter from 
the* enrichment par^ in the upper half 
to {he agar medium in the lower 
half Qf the container. ' Carefully 
roll the membrane onto the agar ^ 
surface to avoid trapping air 
bubbles beneath the membrane.^ 

< 

' b Removal of the uB^d^c^^orbent pad 
is optional. "^'^ * 

c The container is inverted and ^ 
incubated 22 hours + 2 hours + 0.5^. 

4 Counting procedures are as in I, D. 

5 L. E:S'i Endo Agar may be used as a 
single-stage medium (no enrichment 
step) in the same manner as M-Endo 
Btoth, MF. 

C'^Delayed Iiwuibatipn CMLform Test 

- * — * 

This technique-is-applicable in situations 
where there is an excessive delay between 
sample collection and plating. The procedure, 
is unnecessal^ when the intervfid be- 
"^t'we^n sample collection and pjating is 
within acceptable limits, 

1 Preparation of culture media for 
« .^,.delayed incubation coliform test 

''a Preservative media M-Endo Bcoth 
base - ' 



ERLC 
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To 30 ml of M-Endo Broth MF 
prepared in accordance with 
directior 

outline, aavL^.v^ti-_ ^ 

,12%'^que6^s solution of sodium 
benzoate« 



sterile. 



L. E.S. MF Holding ^tedium- ^ 
Coliformr Dissolve 1*2.7 gr»ams in 
1 liter of distilled water. No 
heating is necessary. t^ii^l.pH 
7^1 +-0. 1. This medium contains 
sodium benzoate. • / ^ , • 

b Growtji medi^ $ 

M-Endp Broth MF is used, prepared 
as described in II, A, 1 earlier in 
'this outline. Alternately, L.E.S. 
Endo Medium ^y be used. 



2 General filtration followed is In I, D. 
Special proijedures are: 

a Transfer the membrane filter from 
the filtration apparatus to a pad 

«^ saturated with benzoated M->Endo 
Broth.- r \ 

b Cjlose the culture d^hes and hold, 
in a container at ambient temperature. 
This may-be mailed or transported ^ 
to a: centn^l laboratory. The mailing 
or transjwrting tube should contain 
accurate transmittal data sheets which 
^ correspond to properly labeled dishes* 

Transportation time, in thfe case of 
mailed containers/ should not exceed 
, three days to the time ot^eoeptlon 
by the testing laboratory. 

c On receipt in the central laboratory, 
unpajck mailing carton, anj? lay out 

the culture coi|tainers on the labora-; 

tory bpncH. . *' , - ^ 



d RemoveHhejbps ftrom the culture 
containers. Using sterile forceps, 
remove ^ach membrane and its 
absorJbent pad to the other'half of 

^ the.culture container. 



e With % sterile pipette or sterile^ 
absorient pad, remove preservative 
medium from the culture container. 

f Place a sterile absor bent pad In 
each culture container, and deliver" 
^ % enough freshly pret>ared M-Endo 
BcoUi to saturate e^ch pad. 

g Using sterile forceps, transfer the 
membrane to the ne^V absorbent pad 
containing M-Endo Broth. Place 
the membrane carefully to avoid 
entrapment of atyjDetween the 
mtembrahfe'and the underlying 
absorbent pad. Discard the ' 
absorbent pad containing pre-^ 
servatlve medium. 

h After Incubation of 2(r+ 2 hours ^ 
at 350 c,, count colonle"s as In the 
above section A, 2. / 

I If L. E.S. Endo Agar Is used, the 
steps beginning with (4) above are 
omitted; and the membrane filter is 
removed frpm the preservative 
medium and transferred to a fresh 
' culture container with L.E.S. Endo 
Agar, inoibated, and colonies 
counted in the usual way. 

D Verified Membrane Filter Coliform'Test ^ 

f This procedure applies to identification 
of colonies growing on Endo-type media 
used for determination. of total coliform 
counts » Isolates from these colonll^ are 
studied for gas production from lactose • 
and typical coliform morphology. In - j~ 
effect, the procedure corresponds with 
the Completed Test Qtage 'o|,-the multiple 
fermentation tube test for coliforms^ 



Procedure: 



1 Select a membrane filter bearing 
s|iveral well-isolated coliform-type 
colonies. . , 



122 



Using sterile technique,, plckyall ^ • 
colonies 'in a selected are & y/ith ihe 
Inoculation needle, niaking transfers 
into ttabps of phenol red lactoae'^oth 
(or lauryl sulfate t3:7ptose lactose 

m^/ • 
<\ 
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broth). Using an appropriate data 
sheet record the interpretation of 
ekch colony, ■ using, for instance, 
"C" for colonies having the typical 
color and sheen of colifornis; "NC" 
for colonies not conforming to 
coliform colony appearance on 
Endotype media. 



3 Incubate tMe broth tubes at 350 C+ 0. 5 C. 

4 At 24 hours; 

a Read and record the results from * 
the lactone broth fermentation tubes. 
The following code is suggested: 



No indication of acid or gas 
prpduction, either with or 
, without evidence of growth. 

Evidence of acid but not gas 
(applies only when a pH indicatoV 
is included in the broth medium) 



Growth with production of 
If pH indicator is used, use 
symbol AG to show evidence of 
acid. Gas in any quantity is a 
positive test. , • 

Tube^ not showing gas production are 
returned to the 350 c incubator. 

Gas-positive tubes are transferred ' 
as follows: 

1) Prepare -a streak inoculation on 
EMHagar for colony isolation, and 
using ^he same culture. 

*2) Inoctilate a nutrient agar slant. 

3) Incubate the EMB agar platea and 
slants at'350C + o.S^C* 



5 At 48 hours: - • 

a , Read and record results of lactose 
broth tiJbes "which Vere negative at 
24 hours and were retiUTied for 
further incubation. 



b Gas-positive cultures are s^ubjected 
to further transfers as in 4c. 
Gas-n^^Ative' cultures are discarded 
without Im'ther study; they .are 
colif orm^-^'ltegative . 

,c Examine the cultures transferred 
to EMB agar plates and to nutrient 
agar slants, as follows: 

1) Examine the EMB agar plate for 
evidence of purity of culture; if 
the culture represents more than 
one colony type, discard the 
nutrient agar culture and reisolate 
each of the representative colonial 
types on the EMB plate and resume 
as with 4c for each isolation. 
If purity of culture appears evident, 
continue with c (2) below. 

J 2) Prepare a smear and Gram stain 
from each nutrient agar slant 
culture*. The Gram stain should 
be made^on a culture not more' 
than 24 hours old. Examine xmder 
oil immersion for typical coliform 
morphology, and record results. 

6 At 72 hours: 

Perform procedures described in 5c 
above, and record results. 

7 Coliform colonies are considered' T 
verified if the^procedures demonstrate 

a pure culture of bacteria which are 
gram negative nonspore- forming rods 
and produce g^^'*^from lactose at 350'C. 
within 48 hours. ^' 



E Fecal Coliform Count (Based on M-FC 
^ Broth Base) 

The count depends upon growth on a 
special medium at 4^. 5+0. 2^C. 

1 Preparation of Culture Medium 
(M-FC Broth Base)'for Fecal 
Coliform Count 
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a Composition 

Tryptose 10.0 

Proteose Peptone No, 3 , 5. 0 g 

Yeast extract \ 3,.0g 

Sodium chloride • • 5 , 0 g 

Lactose ' 12.5 g 

Bile salts No. 3 1.5 g 

Rosolic acid* (Allied 10. 0 ml 
Chemical) 

Aniline .blue (AUied Chemical) 0. 1 g _ 



/ 



Distilled water 



1000 ml 



b To prepare the medium dissolve 
37. 1 gram^sjn a-liter of distilled ' 
water \schich contains 10 ml of 1% 
rosolic acid (prepared in 0, 2 N 
NaOH). 

Fresh solutions of rosolic acid give 
best results. Discard solutions 
which have ch^ged from dark red 
to orange. 

^ c To sterilize, heat to boiling as 
directed in I, C. 

d Prepared medltlm may be retained 
up to 4 days in the daxk at 2-€io c. 

2 Special supplies 

Small water proof plastic sacks capable 
of being sealed against wat.er with 
" capacity of 3 to 6 culture Tobntainers. 

.3 Filtration procedures are as given in 

4 Elevated temperatiure incubation 

a Place fecal colifon^ count mem" 
branes at ►44. 5 + 0. 2^C as rapidly 
as posalb]^,. 



Filter membranes for fecal coliform 
counts consecutively and iijrunediately 
place them in their culture containers. 
Insert as muny as six cultiire containers 
all oriented in the same way (i. e:^, all 

• grid sides facing the same direction) 
into the sacks and seal. Tea^> off the 

• perforated top, .grasp the side wires, 
and twirl the sack to roll the open end 
inside the folds of sack. Then submerge 
the sacks with culture containers in- 
ve'rted beneath the e^urface of a 44. 5 

, + 0.2 C waterbath, 

b Incubate for 22+2 hours'. 

5 Counting procedures 

Examine and count colonies as follows: 

a IJse^ wide field binocular dissecting 
microscope with 5 - IQX magnification. 

b Low angle ligjiting from the side is 
advantageous! 

c Fecal coliform colonies are blue, 
^geijerally 1-3 mm in diameter, 
w-^ ' *^ ' 

d Record the colony counts on the 
data sheet, ai^d report the fecal 
coliform count per 100 ml of ss^mple. / 
(I, D, 17 illustrates method) 



TESTS FOR FECAL, STREPTOCOCCAL 
GROUP- MEMBRANE FILTER METHOD' 



A 48 hour incubation perio;d on a choicesOf 
.two different media, giving high selectivity 
for fecal streptococci, ar^ the> distinctive 
.features of the tests. ; 



♦Prepare 1%* solution of rosolic acid iii 0. 2 N N«6h. This ^e is practically Insoluble in water. 
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A Test for Members of Fecal Str*eptococcal 
Group based on KF-Agar 

1 * Preparation of the cultwet medium 

a Formula : (The dehydrated formula 
' of Bacto 0496 is shown, but ' ^ 
equivalent constituents from other 
sources are acceptable). Formula 
, is in grams per Uter of reconstituted 

medium. * 



Bacto proteose peptone #3 10. 0 
Bacto yeast extract 10.0 
Sodium chloride (reagent grade) 5^ 0 



Sodium glycerphosphat^ 
Maltose (CP) 
J-actese (CP) 
Sodium azide (Eastman) 
Sodium carbonate 

(NagCOg reagent gijide)^ 
Brom cresol purple 
^ (water soluble) 
Bacto agar 

\ 

b Reagent ^ 



10.0 
20.0 
UO 
0.4 
0.636 g 



0.015 g 
20.0 g 



V* 



*2, 3, 5-Triphenyl tetra^oUxim 
chloride reagent (TPTC) 

This reagent is prepared by making 
a 1% aqueous soliition of the above 
chemical passing it through a Seitz 
filter or, membrane filter. It can 
be kept in the refrigerator in a 
screw- capped tube until used. 

The dehydrated me^iium described 
'above is prepared for laboratory 
use as follows: 

Suspend 7,64 grams of the dehydrated 
medium in 100 ml 6i distilled water 
in a flask with an aluminuin foil 
cover. ' 

Place the flask in a boiling water- 
bath, melt tte dehydra^ted medium, 
and l^ave in the liollilig waterbath 
an addljonaX 5 niinutes* 

Cool the medium to 50O-60OC, add 
1. 0 ml,of the TPTC reagent, and 
mix. 



F.or membrane filter studies, pour 
5-8 ml in each 50 mm glasf or 
plastic culture dish or enou^ to 
make a layer approximately 1/8" 
thick. Be sure to poiir plates befo 
agar cools and so^lidifies. 



Kor plate counts, pour as for standard 
•agar plate counts. 

NOTE: Plastic dishes containing 
, media may be stored in a dark, cool 
place up to 30 days without change 
in productivity of the medium, pro- 
yiided that no dehydration occurs. 
Plastic dishes may be incubated in 
an ordinary air incubator. Glass 
dishes must be incubated in an 
atniosphere with saturated humidity. 

2 Apparatus, and materials a^ given in 
Table 1, * 

3 General procedure is as given in I. 



Special instructions , , 

a Incubate 48 hours, inverted with 
100% relative humidity after 
filtration.' ' 

b After inqubationi^ i-^iyiove the 
cultur^es from t^e incubator, and 
count colonies under *wide field 
binocular dissecting microscope, 
with magnification det at IQX or 
20X. Fecal streptococcus colonies 
are»pale pink to dark wine- color. 
In 'Size they range from barely ' 
visible to approximately 2mm in 
diameter, Colorless colonies are 
not Q^tmted. ^ 

o Export fecali streptococcus coimt 
per 100 ntfl of sample. This is 
computed as follows: 

No.- fecal streptococci per 100 ml ^ 

No» ^cal streptococcus colonies v/^QQ 

Sample filtration volume to ml 

f * 
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B Verification of Streptococcus Colonies 

1« Verification of colony, ^identification 
may be r.equired in waters containing 
• large numbers of Micrococcus orga- 
nisms. This has been noted 
particularly with bathing waters, but • 

• the problem is by no means limited to £ 
such waters* 

2 A verification procedure is described 
in "standard Methods for the Examination 
^ of Water and Wastewater" l^th ed. 
(1075). The worker should use 
this reference for the stepf^by- 
step proce^re. 

IV PROCEDURES FOR USE OF* MEMBRANE 
FILTER FIELD *UNITS , - 



A Culture Media'. 



\ 



1 The -standard i:oliform media used with 
• / laboratory tests are used. 

2 To simplify field operations, it is 
suggested that the medium be sent to 
the fi*d, prewei^ed, in vials or 
capped culture txibes. The medium 
then requires only the addition of a/ 
suitable volume of distilled. water- 
ethanol prior to "sterilisation. 

Z Sterilization procedures in the field 
are the same as for laboratory methods. 
• ^ 

4 Laboratory preparation of the media, 
ready for use, would be permissible 
-provided that the "required limitations 
on time and conditions of storage are 
. . ^met. ' ^ ■ . 

B Operation of Mlllipore Water Testing Kit, 
, Bacteriological , 

1 @upp6rting supplies and .equipment are 
the saJi^e as for the laboratory , 

i procedures • " 

2 Set the inciibatQr voltage selector 
switch to the voltage of the 'available 

. supply, turn on the unit .and adjust as 
necessary to establish operatltig 
Incub&tor temperatwe at'35 + 0,5OC. * ' 



3 Sterilize the fxmnel unit assembly by 
exposure to formaldehyde or by 
immersion in boiling water. If a ^ 
laboratory autoclaVe is available, this 

^ is preferred. o * . - 

Formaldehyde is produced by soaking 
an asbestos ring (in the fimnel base) 
with methanol, igniting, and' after a 
few seconds of burning, closing the 
xmif by placing the stainless steel 
flask over the ftmnel and base. This 
^ results in incomplete combustion ot 
* the methanol, whereby formald^de 
is produced. Leave the unit closed 
for 15 minutes 4o allow adequate 
exj^psure ,to, formaldehyde . 

4 Filtration knd incubation procedures 
correspond with laboratory methods. 

5 The unit is supplied with a booklet 
containing d^etailed step- by- step 

^ 0 ogerational'procefdures. The worker 
, filing the equipment should become 
completely versed in its' contenter and 
-Tipplication. 

C Other commercially availabk field kits 
should be used according t\) manu- 
factur:erls. instructions. It is emphasized- 
that the required standards of performance 
^are manditory for field devices as for 
laboratory equipment. 

D Coimtlng of .Colonies on Membrane Filters 

*1 Equipment and materials 

Membrane filter cultures to be 
examined 

Illumination source 

Simple lens, 2X to 6X magnification 

Hand tally (optional) 

2 Procedure ^ 

a Remove the culttures from the 
incubator and arrange them in 
numerical sequence* ^ 



b Set up illuminatioti so wee as that 
light will originate from an area 
perpendicular, to the plane of 
membrane filters being examined. 
A small fluorescent lamp is ideal 
. for the purpose. It is highly 
desirable that a simple lens be 
attached to the light source. 

e Examine results. Count all coliform 
and nonconform polonies, Coliform 
and nonconform colonies. Coliform 
colonies have a "metallic" surface 
she^n under reflected light, which 
mAy cover the* entire colony or may 
appear only on the penter. 
Noncoliform colonics range from 
colorless to pink or red, but do not 
have the characteristic "metallic" 
sheen. 

d Enter the colony counts in the data 
sheets^ 

e Enter the coliform count per 100 ml 
of sample for each membrane having 
a countable number of coliform 
colonies. Computation is as follows: 

No. coliform per 100 ml » 



Dlif^ 



No. colilorm colonies on MF 
No. milliliters sample filtered 
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I INTRODUCTION 

c 

f 

On removal of membrane filter cultures from 
the incubator, the worker has several tasks 
to perform, leading to the rep^orting of results 
of the bacteriological examination. These 
steps, together with the selection and use of 
associated equipment, are considered in this 
discussion. The following topics are* included: 



moisture fitids its way into the culture 
container during, incubation.^ In such 
cases, wh*en the culture is removed 
from the incubator, it should be turned 
"right side up" in such a way as to avoid 
flooding the filter with excess liquid. If 
excessive liquid is present, open the 
culture container cautiously, and pour 
off the excess. 



A Precautions on removal of membrane 
filter ^cultures from the |ncubator. 

B Selection of the best membrane filter for 
colony counting (when more than 'one 
membrane filter per sample was prepared, 
representing a graded series of. sample 
increnlents. ) 

C Use of grid systems on filter surfaces as 
counting aids. 

D Recognition and counting of desired 
colonies, including selection and use of 
optical equipment. 

E Calculations for reporting number of test 
* organisms per 100 ml of sample. 



II REMOVAL OF CULTURE FROM* • 
JLNCUBATOR ' 

A Incubation time and temperatui'e recom- 
mendations should^be closely adhered to. 
This applies particularly to total cpliform 
counts. Some of our earlier training -» 
\ manuals have* suggested counting of colonies 
after as few as 16. hours of incubation at 
35^C. Currently, 22+2 hours is prefeJrrVd. 

B All membrane filter cultures should be 
incubated in the inverted position, with 
jneasures to avoid losfe of culture medium 
through leakage or evaporation. Some- 
times, an excessive amount of culture < 
medium is applieid initially, or additional 



C Drying Filters Before Colony Counts 

1 Some workers advise opening all 
cultures (especially total coliform tests 
when Endo-type media are used) for 

a short time (15 minutes to 1 hour) 
for partial drying of coliform colo nies 
before counting. Advocates of this 
step report that the typical surface 
sheen characteristic of coliform 
colonies is improved by this step. 

2 Use -of prelinrinary drying procedures 1^ 
is a matter of personal preference. 

*In the opinion of the writer, the benefit 
of preliminary drying is at best debat- 
able, and at worst, may inferfere with 
subsequent stu<^' of the bacterial 
colonies. Correct use of acceptable 
lighting and optical equipment is a 
far more important factor in ease and 
accuracy of recognition of differentiated 
colonies. 



Ill 



SELECTION OF ACCEPTABLE MEMBRANE 
FILTER CULTURE FOR EXAMINATION 



A - Non-Quantitativd Tests 



4. 



In bacterlologic examination of treated 
waBlrs, where waters meeting require- 
ments result in development of very few 
or no coliform colonies, the typical filtra- 
Ux)n volume is 100 ml, and but one filtra- 
tion is made per sample. In this case, 
there 'is no problem: the one membrane 



NOTF: Men^tion of^commercfal p^roducts and manufacturers does not imoly endorsement bv the 
Offir.p of Water Programs, Environmental Protection 'Agency. 
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filter preparation is the basis of bacteri- 
ologic evaluation of the sample. 

B Quantitative Tests 

1 When the bacteijiological water quality 
standard is for "some fixed limiting 
value, such as 70 per 100 ml for shell- 
fish waters, again only a single sample 
filtration- volume may be used. In such 
a case, the filtration of a single portion 
of^SO ml will show directly whether the 
water meets bacteriologic standards, 
or if the limiting standard is being 
. ^ exceeded* * ' ' 

' On the other hand, if the objective of the 
test was to show how many ct)liforms 
were j/re.^eni per 100 ml of sample, 
then* it is necessax\y to filter a series of * 
sample increments from each sample, 
^ each increment beinc; placed on a.scparttto 
mentHrane filtei*. At the end of the 
inculiation period, the series of mem- 

• brane filter^; repre«?onting each sample" 
mu^st-be inspected, uith .5(v*lecliun of tliu 
membrane filtci bcaiin^i the number of 
colonies most suitaulo for reporting 
qua!>titative resulti>. This is summarized 
in Table 1, below : 



The lower limit of 20 is set*arbitrarily, 
as a number, below which statistically 
valid results become increasingly * 
questionable with smaller numbers of 
colonies. The upper limits represent 
numbers above which interference from 
colony crowding, deposition of extrane- 
ous material, and other lactbrs 'appear 
to result in increasingly questioaable 
results. It is emphasized that these 
limiting values are empirical, based 
on laboratory observations alone, eCbd 
do not represent results of theoretical 
calculations. It follows that it is quite 
possible, with some sample sources* 
to obtain acceptable quantitative results 
with colony counts higher than the re- 
commendations, but Uj^ minimum lirnU 
of 20 colonies appeayf^to apply to the 
majority of sample Isources. " 

If no membrane filter bfears a number ^ 
of colonies within the recommended 
limits for the test, the worker has a 
choice between - a) collecting a new 
sample and repeating the test; and 
b) using whatever results ^actually were 
obtained, reporting an "educated guess" 
as to the number of organisms per 
100 ml. In the latter case, it is most 



Table 1. NUMBERS OF COLONIES 'ACCEPTABLE 



Test 


Colony Counting Range 
Minimum Maxinvurh 


•Remarks 


Total coliform 


20' 


80 


* 200 limit overall 


Fecal* coliform ^ 


• 20 






Fecal streptococcus 


20 


100 
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strongly i rged th t each result of this 
type»be specifically identified with a 
qualifying statement, such as " Estimated 
count, based on non-ideal colony density 
on filter. - . 

Sometimes two, or more filters, of a 
series of filtration volumes from a 
sample, produce colpny counts within 
the recommended counting range.' 
Colony counts should be made on all 
such filters. See Section VI of this 
outline for calculations based on such 
results. These problems may arise 
from the selection of ato^-close range 
of sample filtration volumes, from^ ' 
colony differentiation failures related 
to overcrowding on the filters, or from 
physico-chemical interference with 
colony development related to material 
in the sample deposited in or on the 
filters.' 



IV USE OF GRID SYSTEMS IN COLONY 
COUNTS 

A Most manufacturers provide grid-imprinted 
membralne filters for bacteriologic use. 
The ink used in such filters must be bio- 
chemi.cally'ifiert to the test organisms, 
and, of course, must be applied in such a 
manner as not to degrade the quality of the 
filter. Examples of suc'i grlddlng have 
appeared from various manufacturers as 
follows: 

1 . ^, effective filtering area subdivided 

' into squares equal to 1/100 the effective 
filtering area (when a filtering unit 
with funnel-diameter of 35 mm is used), 

2 ... grid markings which subdivide^^ 
the effective fijtering ^rea intc^quares 
equal to 1/100 the eff.ective filtering 
area (9.6 cm^for 47 mm diamater 
filters). 



B Some spet:ial studies may require use of 
membrane filters without gri'd markings. 
For example, the ink in some filters pre-^ 
vent^*growth of Brucella melitensis . In 
sudh cases it may. be neces^s^y to impro- . 
vise a viewing grid which can be,placed 
'over the culture' after incubation and 

, - colony ►development . ' , 

C Applications of Grids ^ ^ 

1 The grid dimensions are of no particular 
significance in colony countit^g, provided 
that their size.permits easy and con- ^ 
tinuous orientation in counting of colonie's^ 
To*be sure, a rough estimate of the total 
.number^of differentiated colonies on a 
filter is possible by counting a repre- 
sentative number of squares and multi- 
plying colony count by the apTpropriate 
factor. *For example, with man/ 
filters, colonies in ten squares can be 

^ • counted, multiplied by 10, and the pro- 
duct is a rough estimate of the total 
number , on the entire filter.. It is em- 
• phasized that such procedure is for 
rough estimates only, aoid should not. be 
condoned in quantitative work with 
membrane filters. 

2 The primary usefylness of the grid 
system is for orientatioTi during the 
counting procedure. Some colonies 

will touch lines /^n^a grrid system, and , 
a uniform practice must be established 
to avoid missing some colonies or 
counting others twice. The procedure 
used by the writer is as follows: 

a Counts are made in an orderk^ back- 
and-forth sweep, fronf top ti^ bottom 
of the filter. See Figure 1. ~ 



3 • . . filters subdivided so that each 
square oflthe grid represents 1/6Q of 
the effective filtering area* 



Inevitably, somp colonies will- be in 
contact with grid lines. A Suggested 
routine procedure for counting. colonies 
in contact with lihes \s indicated in 
Figure 2, •. Colonies are counted in* 
the squat*es indicated by' the arrows^, 
and no effort is made tc5 decide 
whether ^*most of the colony" is in 
one or the other .3qCiare.** . 



ERLC 
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Ffgure 1. The dashed circle indicates the 
enective filtering area.* The dashed back- 
and -forth line indicates the colony cq^inti^g 
pathway. ' ' * ^ „ ^ 



' V COUNTING OF COLONIES 
A Equipment 

1 A hand-tally is a useful device while 
^ counts are being made. . 

2 Optical assistance in colony cdunts is ^ 
strongly recommended. Dependence 

o ^on naked-eye counts^often results in 
too -low results. ^ 

• a Preferably, use a wide-field binocu- 
lar dissecting microscope wjth 
magnification ot lOJS^or 15X. 

b Optionally, but less desirably, a 
simple lens with magnification at " 
least 5X can be Qsed,^ provided that 
acceptable ilkimina*tion also is ° ^ 
present. 

3^ Lighting equipment 



For coliform counting, a large light 
source is jnandato^^.^ Fluorescent 
lamps in housings-permitting place- 
ment* close to and as directly as 
possible over the membrane filter is 
the best lighting arrangement known 
tb the writer. IncandesQ^nt laii^S/ 
whether simple light bulbs in a table . 



Figure 2. Enlarged portion of grid-taarkfed 
square of filter, with variouSf ways colonies 
can be in contact with grid-lines. '^Colonies 
are counted in squares indicatedby the arrows. 



lamp or in elaborate microscope 
lamp housings, are not satisfactory -. 
for coliform colony counting^Pn 
membrane filters with Endo-typB ^ 
media." . • 

b . For fecal coliforms or fecal Strep - 
' tococci, the lighting requirements 
are not -so severe,*^ in this case almost 
any sufficiently bright light source, 
which can be placed above the filter 
, (either at a high or at ^ low angltf) 
will suffice, ' ( , , 

Ligl^ifing arrangeini^t and counting 

As above, for coliform ciounfirig, • j 
. the fluorescent lamp should be at a \ 

high" angle (as nearly as possible ^ 
^ directly over the membrane filter) 
• . so placed that an image of tHe light 
source is reflected off the colony 
surfaces into the microscopfe lens 
system."* Properly placed, tHe light' 
will Remonstrate the "golden* 
metallic" surface luster of coliform 
colonies., which may cover the entire 
colony*, or may ^p^ar only in an 
*g .area in the c*enter of the colony. 
- ' The worker must leaf'n to recognize, . 

^ the ^ifference^tetween the typical 
golden sfieen'of coliform colonies, ' ^ 
• , * and the. merely shiny surface pf rion-* ' 
coliform. cdloiu6*s. 
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h- Other types of colonies (fecal coli- 
forms, fecal streptococci, etc.) do 
not require such rigid^control of the 
light source. Low-angle lighting' • 
can be helpf^, to ^ive a relief of 
the colonyx profile fro^'m the colony 
surface. jThis is valuable with small 
colonies, 4uch as frequently en- 
1 countered in streptococcal studies. 
In such cases, almost any light 
source 19 acceptable,' provided that 
it is bright enough and that it is\' 

^ * applied from spmawhere above the* 
membrane /ilter. 

c The typical appearance of various 
typ^s of coloniesjs related to the 
culture media applied; therefore, 
this is not discussed m detail at "this 
,pbint.* See the outlines on culture 
media and on laboratory pt^cedures 
for specified indicator organisms 
foi^»such inforn^ation. 



^ ^ fecal stre'ptococci), bacterial counts 
always are reported in,numbers per 100 
ml. In standar<;l lumiiftice^ results afe 
Expressed to two significant figures. For 
example, if the calculation indicates 
75, 400, or even 75, 444 organisms per 100 
ml, the results wduld be reported as 
75, 000 per 106 ml in each case. ,(The 
digits 7 and 5 are the -significant figures; 
the three zeros only locate the decimal 
point. ) * ' ' ' 

2 ^When "total'' bacterial counts are reported, 

common-prflctice is tp report in number 
^ per ml, ^ not the -number per 100 ml. 

3 Quantitati^^e wor^k on-enteric pathogens is, 
at this t^imfe, limited to reporting of 
occurrence of designated enteric pathogens, 
eorrelated with measured density of pollu- 

* fion indicating bacterial groups. At'SUch 
fime as the numerical determination- of 
enteric pathogens becomes feasible, it is 

^ anticipated that reports will be in terms 
of count per lOO ml, or even larger volume 
units. 



\ 



d In colony counting, couni all colonies 
individually, even if they are in 
contact with* each other (this is con- 
trary to usual practice in colony 
counting in agar cultures in Petri 
dishes). Such oolonies are recog- 
iiized quite easily when a toiicroscope 
is used for colony counting as re- * 
commended. Colonies which have 
grown into contact almost invariably 
show a very fi;ie line^of contact. The 
worker must learn to recognise the 
SiffeVence between two or more 
colonies whicl;i have grown into con-- 
tact with each other,, and single, 
irregularly shaped, colonies which 
sometimes develop on-membrane 
filters, • Such colonies almost in-> 
variably are, associated with d fiber 
or particulate material deposited on 
the filter, and tend to develop along 
a path conforming to the shape and 
^size of the fiber or particulates. 



^^ical Calculati9ns 



'VI .CALCULATIONS 
A Counting Units 



t In reporting densities of indicator 

organisms (•coliforms^ fecal coliforms. 



1 gelect the membrane filter bdajcing-tlie — 
acceptable number of colonies for re- 
porting, and calculate indicators per 
lOb ml according to th^ general forrpula: 

No.* indicat9r 'organisms per 100 ml * 

No, colonizes of indicator organisfn ^ 
No, ml of sample filtered 

2 gxample: ' 

i ' ? 

a Assume that for a total coliform 
count, volumes of 60, 15, 5, 1. 5, 
and 0.5 ml produced coliform colony 

: counts of '200, 110, 40/ 10, and 5, 
- respectively. 

^ b , First, the worker actually woulc?not 
; h^ve, counted coliform Colonies on 
' all these filters. . He would have 

selected, by inspection, the^mem- 
4» brane filter(s) most likely to have 
20-80 coliform colonie ST limiting 
actual counting to such colonies 
(this does tak$ some practice and 
f skill in making quipk estiitiates, but 
« comes with- experience). 



r 



c Having selected the membrane filter 
probably' most useful for reporting 
purposes^ coliform colonies are 
Qounted according to accepted pro- 
cedures, and the general formula ^ 
ds applied: 

9 

40 

COliforms per 100 ml = — X 100 
Conforms per lOO ml = 800 

I 

C Special Situations in- Calculating Densities 
of Indicator Organisips 

• 1 Assume ^ coliform count in which the' 
volumes of'l, •O. 3, 0.1; 0.03, arid 
0. Oil ml, respectively, produced coli- , 
' form colpny counts of TNTC, 'TNTC,. 
75, 30, and 8, respectively/ 

a Here, two sample volumes resulted, 
in production of coliform colo^nifes / 
in the acceptable counfing range. 

b Suggestion : Compile the filtratioL C ' 
volumes and colonies from bpth 
acceptable filters, as follows;^ 



Volume, lAi 



0. 1 

0:03- 

0.13 



GbUnk 
^ 

75 : ' 
105 



Calculate coliform s per 100 ml from 
Uie composite result: 



Coliformsip^r 100 ml 



105 
0.13 



X 100 



Coliforms per 100. ml = 81,000 

2 ^Assume a coliform count in which 
^ sample volumes of 1, 0. 3, ar|d ..01 ml 
produced colony .counts of 14,'^^',. and 
0, respectively. * . 

• * /■ — I' 

• a Here, no colony count falls within 

recommended limits. 

• h Suggestjo^n : Calculate on the basis 

pf the most nea'rly acceptable value. 



•and report with qualifying remark* 
thus: 



'•^^Use 14. colonies from 1 ml of sample; 
14 



' ,1.0 



X 100 = 1400 



Report: " Estimated Count , 1400 ♦ 
per 100 ml, ba'sed on non-ideal 
colony count'!. 

% 

3 Assume a coliform oo^nt in which the 
volumes 1, 0. 3,^ and 0. 01 ml-prqduced 
coliform colony counts of 0, 0, and 0, 
respectively. 

a Here, no actual calculation is possible, 
even for "estimate" reports. 

b Suggestion: Calculate the^number 
of estfmated coliforms per 100 ml 
that would have been reported if^ 
there had been 1 cqi^iform' colony 
on the filter ^representing the largest 
'^filtration volume,' thus: 

f ' r 

Use 1 colony, and 1 ml: j X 100 a .lOO 

Report: "Less than 100 coliforms 
per loo ihl". 

4 Assume a coliform count in which the 
volumes of 1, 0. 3, and 0. 01 ml pro- 
duced coliform colony counts of TNC, 

,150, and 110 colonies^ 

a Here, alLcolony counts are alpove 
the. recommended Uxnits. 

b . Suggestion: Use Example 2, above, 
and report an^estimated count based 
on non-ideal colony counts: 

' --— X 100 = 1,100,000 ' ^ 



0.01 

Report: "Coliform count estimated 
at'l, 100,^00 per 100 ml, based on 
non-ideal colony count". 
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4 

5 Assume that, iii Example 4, the volumes 
* ^of 1. G, 0. 3, and 0. 01 ml, all produced 
too many coliform colonies to show 
separated colonies, and that the labora- 
tory bench record showed TNTC (Too 
Numerous to Count).' 

Suggestion : Use ^80 colonies as the 
'"^asis of calculation with the smallest 
filtration volume, thus: 

X too = 800.000 

Report: *'>800,000 coliforms per 100 
ml sample. Filters too crowded. " 




yil CONCLUSION ' 

The foregoang discussion has presented a 
number or factors which determine the quan- 
titative reliability of membrane filter results^ — 
It cannot be too strongly emphasized that the 
correct use of acceptable colony countmg 
equipment is one^of the most important single 
factors in successful application of membrane 
filter methods. Here, there is perhaps a 
greater* exercise of personal skill and judgment 
than in any other aspect of membrane filte^r 

methodology. There is no substitute for prac-* ^ 

tice and experience, supported by liberal use * 
of supporting colony verification studies, to 
prodj*Ce a skilled woxicer in colony counts 
on merhbrane filters. 



This outline was prepared by. H. L. Jeter, 
Chief, ^Program Support Training Branch, 
USEPA, Cincinnati, Ohio 45268 



Descriptors: Filters, Mehabrane, Bacteria, 
Microorganisms, Measurement Testing 
Procedures • * 
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VERIFIED MEMBRANE FILTER TESTS 



r INTRODUCTION 

I 

A .The "purpose of a verified.membrane fifter 
test procedure is to establish the validity 
of colony differentiation and interpretation 
in the' tesTbemg applied. Specifically, a 
verified membrane filter test may pfcjze- 



useful 1) as a self-training~device for new ' 
workers, 2) as- a research tool in evalu- 
ation of new membrane filter inedia and 
procedures, or 3) to provijde supporting 
evidence of*colony interpretation in cases" 
where the analytical results may be subject 
toj^rofessional.. or^fficial challenge. 



B 



Reduced to essentials, a verifie^jnem- 
l>rane filter test consists of 1) interpre 
tatipn of the colortles appearing on a 
selective, differential medium, 2) re- 
covery of purihed bacterial cultures from 
differentiated colonies, and 3) application 



of supplemental test procedures to 
determine the validity of the ori^nal 
interpretation of the membrane filter 
'colonies. 



In this discussion, primary attention is given 
to a verified membrane filter coliforni test. 
In addition, verification procedures are 
presented for members ofathe fecal coli- 
form gi:oup and for fjecal stt^eptococci. 



II. VERIFIED TEST FOR MEMBERS OF THE. 
COLIFORM^GROUP " 

Pip Anabbreviatedprocedure^orre'sponds to t^^, 
e^' ^ ' Confiniied Test of Standard Methods througfr' 
, use of lactose broth (or'laqtose lauryl * 
^ > ^ tryptose broth) followed by confirmation 
in brilliant green lactose bile broth. The 
procedure is shown diagrammatically as 
follows: ^ ^ 



10 - 20 sheen colonies l^om membrjme' ' 
filter ^each tested|S€;parately) 

r- n , ^ 

Lactose '(or. lauryl tryptose)* broth 
^ ' ^ ' I 

Incubate 24 feurs at =35^0 .' % 



No gas 

Reincubate. 24 hours at 3&^C' 



Gas 



No gas . . — 

Negative coliform test 
Colony not coliform 



7J 



B>illlant Green lactose bile brolh.> 
Incu bate up. to 48 hourS at:35^C | 



• • ;No gas 
Negative coliform test 
Colony not colifornl 



^ ' 

Gas \ 

Positive coitform test 
Colony ^was coliform 



'Diagram 1. ABBREVIATED COLIFORM VERIFICATION PROCEDURE 



v ERJC y, BA. mem. 83 a. d. 77 



'm 



'1. 
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3 A more elaborate verification of membr^ije 
filter test for coliformfirH»esembles tJ^e*; 
Completed Test of Standard Methods. TKe"^ 
test is started in exactly tlie same way as 
the^abbreviated test, and may be repre- 
sented diagrammatically as a continuation 
from the lactose broth stage of Diagram 1. 
See Diagram 2. ^ " \ 
* 

Z While 'the diagrams (1 and 2) are pre- 
sented in terms of sheen colonies (inter- 
preted as coliforms), the careful worker 
: also should subject a similarly represen- 
tative number of non-sheen colonies 
(judged to be noi^coliforms) to the same 
test procedure. This will reveal whether 
the mediurn being studied fails to dif f er- 
entiate appreciable numbers of colonies 
which in reality are coliforms, even 



III 



though they did not demonstrate the 
desired differential characteristic. 



verMcation of fecal" C.OLIFORM 

TESTS ON MEMBRANE FILTERS— 



A Tffe procedure described here is based 
.on the principle that, with use of hitFC ^ 
Broth and incubation in a water bath at ~ 

44.5°C for 24 hours, fecal coliform ^ 

colonies on membrane filters' develop a 
bliie color, (sometimes a greenish-^ue). 
Extraneous bacteria are believed to fail 
to develop colonies, or else consist of 
such colonies develop some coloF other 

lhan the blue color of fecal colifofms 



(colorless, buff- or brownish-color, or 
even red colonies may develop on the 
mecjium). 



lactose broth (or lactose 
lauryl tryptos% broth) 

.1 . ^ 

Incubate up to 48 hours 
at 35°C 



Gas -positive lactose broth tubes from , 
Diagram 1, above^^ ^ ^ 

Streak on eosin methylene blue agar 
plates for colony isolation 

Incubate 24 hours at 3b^C 

i 

Transfer an isolated nucleated colony^ 
(or at Least two well-^isolatecj representative 
colonies in the absence of nucleated colonies) 
to 

— — ^ — — i • 



and to 



nutrient agar slant 

i • • - 

Incubate not more than 24 hburs 



at 35°C 



No gas 



Negaijye test 
(Colonj^ was not • 
nfoJiform) . 



prepare Gram-stained smear and 

examine under oil immersion 

- 9 

. ^ ^ 

Gas and« Gram -negative, non-spore Lack of any morpho-^ 
^forming rods, pure culture logical feature 
based on morphology * described on left 



Positive coliformH^t (Colony 
originally selected ^s coliform) 



Negativeljoliform test- 
jtColony originally chosen 
was not coliform) 
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Verif ie d Membrane. Filter Teste ' 



B The vei^ied test for fecal coliforms 
is indicated in Diagram 3, below; 



No gas 



10-20 blue colonies from membrane 
filter (each tested separately) 

Phenol red lactose broth (or lactose 
broth or lauryl tryptose brothV 

Incubate 24 hours at 35^C 

' — T 



Reincubate 24 hours 
git 35^0 
' i 



N6 gas* 

i ir 

Negative test. for 
fecal coliforms. 
Colony was not a 
fecajl colifornl' colony 



Gas . 



7> 

Gas 



1 




1 

EC Broth 



Incubate 24 hours 
water bath. 



at 4k 



5°C ± O.SoCina 



No gas 



Gas 



Negative test for fecal 
coliforms. Colony was 
not a Tecal coliform 



Posftive test for 
fecal coliforms. 
Colony was fecal 
coliform 



Diagram 3, A VERIFICATION PROCEDURE FOR FECAL 
COLIFORMS ON MEMBRANE FILTERS 



M VERIFICATION OF FECAL' STREPTO- 
COCCUS' COLONI^iS ON MEMBRANE 
FILTERS ' ' ^ 



A The procedure is used in the evaluation of 
results from S mediunj similar to the 
m-Enterococcus Agar (Slanetz) de§cribed 
in the ctirrent edition of Standard Methods. 
- The membrane filter procedure utilizes " 
48 hour incubation at 35^C, and colonies 
wjhich are pink to red, either in 'their 
entirety J9r only in their centers, are 
regarded as fecal Streptococci. Most ^ 
such* colonies are 1-2 mm in diameter, 
an^ sonie^may be larger. Occasionally, 
some samples may be ericojui^ntered in ^ 



which numerous extremely small colonies, 
approximately 0.1 mm in diameter, are 
present in great numbers. ^Almost in- 
variably, these are not fecal streptococci. 
S^e diagram 4 for a representation of 
a verification test. * - • ' . 



V 'CALCULATIONS BASEP ON VERIFICATION 
STUDIES * . ■ 

A A percent verification can be determined 
for any coloi^y -validation test: 

Percent verif^^tion^ 

No.-^f colonies meeting verification test x"|qq 
N04 of colonies subjected to verification 



137 



r 
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.10-20 Pink to red colonies from # 
membrane filter (>ach tested separately) 



Kf AOAt 

(iO • 20 fINK to IID'*COlONilS flOM 
MIMIIANf nitlt (UCM TISIIO SlfAIAIIUll 



fINK II& COIONV 



OlOWIH IN UAIM4{fAII iNfUSION tlOtH WiTHM t DAYS Al 4S C AND 
S OATS Al 10 C WIIH CONVItMAIMN Al CAIAlASTNlOAIIVl 



OtOWIH At 41 C AHA 10 C 

I • 

CONIIIM WIIH OlOWIH tH * i% N»Ci AND »H f S tN 
•IAIN«HUII INyUS»ON MOIH AND IIOVCItON'OF 01 % MflHVliNf llUf 

1-.- 

. INIflOCOCCUt OIOUP 

IIOUCIiON Of Kjl»OjllC ANIT^ i-^-"""'^ 
MIMINIAIION Of 0- SOIIilOl AND OlYCIIOl 



SIAtCH HYDIOlVSIS 



/ 



I 

S fAICAUS ANO VAIIIIIIS 

1 

HYOIOlYSIS OP OIlAlW 

^ \ - 

fOSIItVf NIOAIIVI 

I" 1 ' 

S fAfCAllS S lAICAllS AND 

VAt llOUff ACIfNS S fAfCAlK VAt ZVMOOtNiS 

I- 

'HfJMOlYSiS 
POSIIIVt NIOAI 

I - 1 

' S FAICAllS VAI ZYMOOINIS *^ t f AtC 



NCOAIIVf 

I 

S ^AICIUM AND S DUIANS 



POSIIIVI 



AIVPICAI S FAICAllS 
(VIOIIAllON SOUICI) 



FIIMINIAIION or L'AIAIINOSI 



/S fAICIUM 



PMIONIZAIlON Of 
IIIMU'S MIIK 



S fAICAllS VAI 
UOUtrACMNS 
(INSICI SOUtCI) 




NCOAItVC ' 

1 

iNlltOCOCCI 
(WAIM>llOO0ID 
ANIMAL SOUICIS^ 



SlilCH HVDIOlYSIS 

■ i 1 

j POSIIiVC 

i 1 ■ 

lACIOSI MtMCNIAIlON 

1/ \ ^ 

ACID DNIT NO CHANOC 

•i * 

S lOViS S lOUINUS 

lltvjlSTOCK AND POUlltY 
SOUICCS) 



Diagram 4. FLOW SHEET AND SEQU^iiiNCE OF TESTS TO PERFORM VERIFICATION 
STUDIES ON COLONIES BELIEVED TO BE .FECAL* STREPTOCOCCI 



Example: Twenty-five sheen colonies 
on'^Endo-type membrane ^filter medium 
were subjected to verification studies 
^ shown in^Diagram 1/' Twe|ity-two of 
the&e colonies proved to be ooliforms 
according to provisions of the test:. ^ 

0 ^ 22' 

Perbent verification - -rr- X 100 

= 88 

. : ' , ^ ^- • 

B;, A percent verificatipn'figure tan be 
applied to a direct membrane filter 
count per 1,00 ml to determine the veri- 
fied membrane filter courit per 100 iivl 
of the test organism. ' 



Verified count per 100 ml ^ • 
of the test, organism 

Percent verification ^ count per 100 ml 
. , 100 of test organism" 

Example: Fqr a given sample/ by a 
direct membrane. filter test, the fecal 
coliform count was found to be 42, 000^ 
per 100 ml. Supplemental studies on 
selected colonies showed 92% verification 



• Verified fecal 
\ coliform count 



Rounding off: 



^ X- 42.000 • 

0/92 X 42,000 
38,640 ^ ^ 
39, 000 per 100 ml 



Verified Membrane Filter Tests 



C A ijercentag^ of false-negative test^dt^S^' 
can be determined (See II, C) . 

Rercent fal§^ negative^ = . - - 

No, "negative" colonies fodnd positive v. 
Total No. "negative" colonies tested 

/ ' Example: On a total coliform test, -25 
nonsheen,(coiiform negative) colony 

• types were subjected to the coliform 
verification procedure shown in Diagram 

, 1. Two of these colonies proved'to be 
coliform colonies. ' . 



application of verification percentages 
*''^^rom*one sample to another should be 
t^^^n^nl^^fter sufficient studies have* 
beennt^de*der^onstrate the suitability 
Sii such a procedure. 



Pe;»cei^t false negatives 



25 



X 100 



n 



B 



-SOME APPLICATIONS OF PERCENT 
VERIFICATION CALCULATIONS 

In comparisons between two or more differ- 
ent membrane filter media, the medium 
which has the highest percentage of veri- 
ficatioS, and the lowest percentage of - 
false negatives (based on a broad range 
of sample types and sourbes) is the better 
medium. ' ^ 

InprOductivityjcomparisons between two' 
or mbre differenTmernbrane filter media, 
the medium which produces the highest 
verified membrane filter counts per 100 
ml, (based on a broad ^ange of sample 
types and sources) is' the better medium. 

The worker is cautioned NOT to apply, 
percentage of Verification determined 
from one. saipple, to other samples. For 
example, do not determine a per^entag^ 
verification on m-Endo brotti for a samjjife 
taken, from^the 'Ohio Riv^r on September 6, 
and then seek to dpply that percentage 
verification to anther coliform determina- 
tion from the Little Miami River, ^n the , 
same date. Even the application o(* the j 

iveMfication percentage to another Ohio 
River sa^nple, either, on t|ie' same date 
from a different Station, or on another 
date from the same station, should be \ 

: undertaken with great cautibh. Such 



> yil JJSE OF VERIFICATION STUDIES.IN 

MF-MPIff COMPARISONS ^ ^ - 

A Comparisons of data obtairied-from MF \ 
^versus MPN methods have been the source 
- of great concern to microbiologists. For 
the current basis of comparisons, see 
Standard Methods (either 11th Qr 12th 
. edition) with^a proviso Ihatlt should 
be used for determining the potability 
of drinkiri^ water only after parallel 
testing had shqwn that it afforded infor- 
mation equivalent to that given by the 
standard multiple-tube test. " 

. s B Some workers have Sought lo apply this 
reqtITF5ment on the basis of statistical 
calculations, based dh comparisons of 

. ^ numerical values from membrane filte'r 

tests with nun^erical values obtained fr(5m 
multiple-tube tests, Further study of this 
problem, and methods different* workers 
have applied tb the problem, caFI^be made 
Dn the basis of the appe*nHpd rpferencf^ Mst 

C Numerical coipparisons between raw or 
Verified m^m^rane filter results on split 
samples, compared with multiple-tube 
results, also 'Should take into account the 
question of the reliability of the multiple- 
vtube test.. The niimerical results of the 
Completed Test for coliforps, for example, 
^can be compared with the results of the 
Confirmed Te$t, to determine a percentage 
of verification for the muUiple-tube*te^r: 

Percent verification = 

^" Completed Test Coliforms per 100 ml ^ 
, -Confirmed Test Coliforms per 100 ml 

EJxamplet/On a given sample, the test 
was carried to the Completed Test 
stage. Afterward,, both a Confirmed 
♦ ' Test and a Completed Test coliform 

result were obtained, consisting of - 
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Table 1. VALIDITY OF MF ^^JD MPN ^CONFIRMED TEST"* 





Number 


MF Coliform Test 




MPN Confirmed Test 


i . Source 


of 

supplies 


Minimum 


Maximum 


Percent 
verified 


Minimum 


Maximum 


x^erceni 
verified 


Wells - Springs 


- 16 


1.0 


7', 600 


96. 6 


7.0 


11 000 


fi4 fi * 


Lakes Lagoons 


no 


1.0. 


420^000 


79. 6 


, 79 


490,000 


70.9 


Creeks 


19 


32 


260^00 


75.8 


120 


460,000 


66.4 


Rivers 


22 


320 


890: 000 


69. 7 ' 


' 7pO 


350, 600 


75. 7 


Sewage 


ir 


1,400,000 


28,000^,000 


68. 6 


460,600 


49, 000, 00 (j) 


73.8 


Totals 


91 u 






78. 1 




1 
1 


70.3 



*^A11 coliform values are per 100 ml of sample 



49,000 per 100 ml for the Confirmed ^ 
Test and 33,000 per 100 ml for the 
, Completed Test. 

. r- y 33,000 ^ 

Percent verification = 49^00- 

= '67 

See Table 1 for some studies of MF 
verification studies, and parallel 
multiple-^ube verification studies ; 
(Confirmed Test carried to Completed 
Test). Theae studies have been con- 
ducted in research laboratories of this 
' Center, and demonstrate the difficulty 
and problems associated comparative 
evaluation of membrane filter versus 
multiple-tube methods. T^he student is' 
invited' to, stucfy this table at leisure. 
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CQLLECTION AND HANDLING OF SAMPLES.FOR 
BACTERIOLOGICAL EXAMINATIltoN- • 



•* INTRODUCTION 

The first step in the examination of a water 
supply for bacteriological examination is 
careful collection and handling of samples. 
I|if ormatlon from bacteriological tests is 
useful in evaluating water purification, 
bacteriological potability^ waste disposal, 
and industrial supply. Topics covered 
include: representative site selection, 
frequency, number, size of samples, 
satisfactory sample bottles, techniques of 
sampling,' labeling^ and transport. 



II • SELECTION OF SAMPUNG LOCATIONS 

The basis for locating sampling points is 
collection of representative samples. 

A Take samples for potability testing from 
the distribution system through tap^. 

o Choose representative points covering- 
the entire system. The tap itself should 
be clean and connected directly into the 
system. Avoid leaky faucets because of 
the-danger of washing in* extraneous 

' bacteria. Wells with pumps may be 
considered similar to distribution systems. 

B Grab samples from streams are frequently 
cjoUected for control data or application of 
regulatory requirements. A grab sample 
can be takeain the stream near the surface. 

C For intensive stream studies on source' 
' and extent of pollution, representative 
. ^.samples are taken by considering site; jf 
method and time of sampling. The 
sampling sites may be a compromise \ 
between physical limitations of the 
laboratory, detection of pollution peaks, 
and frequency of sample collection in 
certain types of surveys. First, decide 
how many samples.'ane needed to be' 
processed in a day. Second, decide 
whether to measure cycles of immediate 
poliaiion or more average pollution. 

Sites for measuring cyclic ppllution are 
>\ imme diately. below JJie^^ppUutipn So.urce. 
Sampling is frequent, for example, every 
three hours^ 

iA site designed to measure more average 
\ conmtjlohs is far enough downstream for " 
a complete mixing of pollution and water 
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Keep in niind that averaging does not 
remove ill ^ariatiof but ooly minimizes 
sharp fluctuations. Downstream sites 

S amples m^y be collected' 1/ 4, 1/ 2 and 
, 3/4 of th^ stream widt^ at each site or 
-otherMistances, depending on survey 
•objectives. Often only one sample in the 
•channel of the cStream is collected. 
Sitfnples are usually takenrnear the surface. 



D.„, Samples from lakes or reservoirs are 
frequently collected at the drawoff and 
usually about the same dfpth and may be 
^collectec^ over this entire §urfac^. 

E Collect samples of bathing beach water 
at locations and times where the most 
bathers swim. 



NUIVfBER, FREQUENCY ANp SIZE 
OF SAMPLES 



III 

A For^ determining sampling frequency for 



drinkingfc*water, consult the USEPA 
Standards. 

1 The total number, frequency, and site 
are established by agreement With 
eithjsr sta^e of USEPA authorities. 

2 The minimum number (depends upon the 
number of users. Figure 1 indicates 
that the smaller populations xiall for 
relatively more samples than Jarger 
ones. The numbers on the left of the 
graph refer to actual users and not the 
population shown by census. *• 

3 *In the event that coliform limits of the 

standard are exceeded, daily samples 
must be t^ken at the same site. 
^Examinations should continue 'until two 
consecutive samples show coliform 
level is satisfactory^ Spcli samples 
are to be considered as special samples 
ahd shall not be included in the tptal 
number of samples examined. 

4 Sampling programs described above 
represent a minimum number which, 
maybe increased by reviewing 
authority. ^ * rj> 
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Collections and Handling of Samples for Bacteriological Examination 



B For stream investigations the type of 
study gbveras frequency of sampling. 

C Collect swimming pool samples when use 
is heavy. The high chlorine l^vel rapidly 
, reduces the count when the pool is not in^ 



Population 
served; 



Minimum plumber of 
samples per month 



use* Residual chlorine t§sts are 
necessary to check neutralisation of-^ 
chlyine in the sample. 



Lake beaches may be sampled as required 
depending on the water uses. 



25 to 1, 000 1 

I, 001 to 2, 500 — - 2 

2, 501 to 3, 300 \ 3 

3, 301 to 4, 100 4 

4, 101 to 4, 900 - - 5 

4, 901 to 5,800 - 6 

5,801 to 6, 700 7—- - 7 

6, 701 to 7, 600 - 8 

7,601 to 8,500 9 - 

8, 501 -to 9, 400 -—-: 10 

9j46l to 10,300 ^ , 11 

10,301 to 11, 100 * - 12 

II, 101 to 12,000 - 13. 

12, 001 to 12, 900 -7— -~ 14 

12,901 to 13,700 ' - 15 

13, 701 to„14, 600 -— y^e" 

14„601 to 15, 500* 17 

. 15, 501 to 16, 300 — - 18 

16,301 to 17,200 — — - - 19 

17,201 to 18, 100 20 

18, 101 to 18, 900 21 

^ 18, 901 to 19, 800 - 22 

' 19,801 to 20, 700 — 7 - 23 

20,.701 to 21, 500 24 

21,-501 to 2i\ 300 — — -7 ^ 25 

22,301 to 23, 200 - ' zs 

23, ^201 to 24,000 — 27 

24, '001 to 24, 90Q ^ — : 26 

24,901 to 23^000 — - 29 

25, 001 to 28? 000 ^ 30 

28,001 to 33, 000 — - ,35 : 

33, 001 to 37, Oqp^- 40 

37,001 to 41,000, r 45 

41, 001. to 46, 000' 50 

46;001 to 50, 000 55 

50, Ojta to 54, 000 r ^ 60 

54,001 to 59,000 • 65 

59, 001 to 64, 000 — — ^ Vo • 

64,001 to 70, 006 — 1— ^ 75 

70,001 to 76^Q00 - * 80 

76,0i)l to 83,*000 r — - , 85 

83,001 to 90, 000 — . ► 90 

FiGURE I 



Population 
served: 



Minimum number cf 
samples pefr month 



90,001 to 9&000 95 

96,001 to 111,000 - 100' 

1 1 1, 001 to 130, 000 — — - - 1 1 0 

130;001to 160,000 120 

160, 001 to •^190, 000 y M30 

190,001 to 220, 000 ^ 140 

220, 001 to 250, 000 > ^ 15O 

250, 001 to 290, 000 ^ 7 160 

290, 001- to 320, 600 170 

320,001 to 360„006 I8O 

360;00Jl to 4%, 000 - 190 

410, 001 to 450,000 - 2OO ' 

450, 001 to 500'; 000 - 210 

5gO, 001 to 550, 000 — ,220 

550,001 to 600, 000 r ^ 230 

600,001 to 720, 000 240 

720, 001 to 780, 000 250 

780,001 to 840, 000 ^ 260 

840,001 to 910, 000 270 

910,001 to* 970, 000 280 

^970, 001 to 1,050,000 290 

1, 050, 001^ to 1, 140,000 300 

1, 140, 001 to 1, 230,000. 310 

1, 230, 001 to 1,.320, OOg '32Q 

1, 320, 001 to l,420^00fl ' 330 

1, 420, 001 to 1, 520, OGfO — 340 

1, 520, 001 to 1, 630^0 350 

1, 630,001 to U9^000 . 360 

1, 730, 001 ten, 850, 000 ^370 

1, 850, 001 to 1, 970, 000 — — '- 380 

' 1, 970, 001 to 2, 060, 000 - 390 

2, 060, OQl to 2, 270, 000 - — — 400 

2, 270, 001 to 2, 510, 000 ' 410 

2, 510, 001 to 2, 750, 000 420 

2, 750, 001 to 3, 020, 000 - — r 430 

3, 020,001 to 3, 320, 000 - 440 

3, 320, 001 to 3, 620, 000 450 

3, 620, 001 to 3, 960, 000 4(50 

3, 960, 001 to 4, 310, 000 — -.--f- 470 

4. 310,001 to 4,690,000 480 ^, 

4^690, 001 or more — 500 



142 



Collection Qnd Handling of Samples for Bacteriological Examination 



Salt water or estuarine Beaches are 
sampled as needed with frequency 
depending on use. 

Size of samples depends upon examination 
anticipated... Generally. 100 ml- is the 
minimum size. 



^IV BOTTLES FOR WATER SAMPLES 

A The sample bottles should have capacity 
' for a/least 100 ml of sample, plus an 
air sAace. The bottle and cap must be of 
y bacteriological inert materials. Resistant 
glass or heat resistant plastic are 
acceptable. At the National Training 
Center^ wide mouth ground-glass ^ 
stoppered bottles (Figure 2) are usedV 

All bottles must be properly washed and 
sterilized. Protect the top* of the bottles 
and cap from contamination by paper or 
metal foil hoods. Both glass and heat 




resistant plastic bottles may be 
sterilized in an autoclave. Hold plastjp^ 
at 121*»C for at least 10 minutes. Hot 
air ^sterilization. 2 hours at 170^ C, may 
- be used. for dry glass bottles. 

B Add sodium thiosulfate to bottles intended 
for halogenated water samples. A quantity 
of 0. 1 ml of a 10% solution provides 100 
mg per liter concentration in a 100 ml 
sample. This leyel shows no effect upon 
viability or growth. 

C Supply catalogs list wide mouth^ground 
glass stoppered bottles of borosiligate 

. ^resistance glass, specially for water 
samples. 



V TECHNIQUE OF SAMPLE COLLECTION 

P'oUow aseptic techniqt^e as yearly as posisible. 
Nothing but sample water must touch the inside 
of the bottle or cap. To avoid loss of sodium 
tluosyifate* fill the bottle directly and do not 
riase. Always remember to leave a;i air space. 



FIGURE 2 



In sampling from a distribution system, 
first run the fauc^ wide open until the 
service line is- cleared. A time of 2-3 

. minutes generally is sufficient; Reduce ^. 

. the flow and fill the sample bottle without 
splashing. Some authorities stress flaming 
the tap before collection, but the use of tliis 
technique is now generally considered as value 
less. A chlorine determination i3 often made 
on the site; 



The *bottle may be dipped into some, 

waters by han<i. Avoid^troduction 

of bacteria from the h^nnaLii hand and 

from surface debris. Some suggestions 

follow: Hold the bottte near the base 

with one hand and with the other remove 

the hood and cap. Push the bottle 

rapidly into the water mouth down and tilt up 

up towards the currenl to fill. A depth/ 

of about^ inche^ is satisfactory.. When 

there is' no current move the bottle* 

through the water horizontally and^away ^, 

*from the hand. Lift the bottle from the 
water,' spill a small amount of sample ' 
to provide an air space, and return the 

. uncontaminated cap. 
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Coiiecttog and Handling of Samples for Bacteriological Examination 



C Samples may be dipped from swimming 
pools{;^ Determine residual chlorine on 
thenp^lv water at the site. Test the 
s^ja?lple at the laboratory to check chlorine 
^utralization by the thiosulfate, 

D Sample bathing beach water by wading out 
to the two foot depth and dipping ^he 
sample up from about 6 inches below the 

f surface. Use the procedure described in 
V, B, ' • 

E Wells with pumps 'are similar to 
° , dj^ibution systSms, With a hand pumped 
, • well; waste water for about five minutes • 
before taking the sample. Sample a well 
without a pump by lowering, a sterile 
bottle attached to a weight. A' device which 
opens the bottle underneath the water 
will avoid contamination by surface debris. 

F Various types of sampling devices are 
available where the sainple point is 
inaccessible or depth samples are desired. 
The general problem is to put a sampje 
-bottle in place, open it, close it, and 
return it to the surface. No bacteria but 
those in the sample must enter the bottle. 



The J - Z. sampler described by Zobell 
in 1941, was designed for deep sea 
sampling but is useful else^^here (Figure) 
3). It has a metal frame, breaking , 
device fo?^glass tube, and sample 
bottje. Th^ieavy metiil messenger^ 
strikes the lever arm which breaks 
the glass tubing at a file mark, A * 
bent rubber tube straightens ind the 
water is drawn in several inches from, 
nhe apparatus. Either glass or collapsible 
rubber bottled are sample containers. 

Commercial adaptations are available. 

Note the vane and lever ihechanism on 
the New York State CoFT^ervation 

' Department's sampllefr in Figure 4* 
When the apparatus is at proper depth 
the suspending line is given a sharp 
pull. Water inertia against the vane 
raises the stopper and watej^ ^burs 
into the bottle, .Siifficient sample is 
collected prior to the detachment of 
the stopper from 'the vane arm allowing 

^ a closure of the sample bottle*. 

The New York St^e Conservation 
Department's sampler is useful for 
shallow depths and requires nothing 
besides glass stoppered sample bottles. 




FIGURE 3 



r 



Reproduced with permission of the Journal • 
of Marine Researeh 4:3, 173-188 <1941) by 
the Department of Health, Education and • 
W%lfare, 
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Collection and Handling of Samples for Babt^riologicar Examination 




FIGURE 4 

A commercial sampler 4s available 
which is an evacuated sealed tube with 
a capillary tip. When a lever on the 
support rack breaks the tip, the tube' 
fills. Other 'samplers exist with a 
lever for pulling the stopper, while 
another uses an electromagnet* 



VI DATA RECORDING 

A . Information 'generally includes: ^da'te, time 
of collection, temperature of water, locatic 
of sampling point, and name of the sample 
collector. Codes are often uSed. The • 
location description must be exact enough 
to guide another person to the site. 
Reference to jDridges, roads, distance to 
the nearest town may help. Use of the 
surveyors' description and maps are 
recommended. Mark identification art the 
bottles or on securely fastene^ tags. 
Gummed tags may soak off anii are 
inadvisable. . 



B While a sanitary survey is an indispensable 
part of the evaluation of a water supply, its 
discussion is not within the scope of this 
lecture. The sample collector could supply 
much information if desired. 



VI SHIPPING CONDITIONS': 

The examyiation should commence as soon 
as possible,' preferably within one hour. A 
.maximum elapsed time between collection and 
^ examination is 30 hours for potable water 
samples and 6 hours for other water samples 
(time from collection tQ*laboratory delivery). 
An additional 2 hours is- allowed from delivery 
to laboratory to the completion of first-day 
laboratory procedure^. StandarcT Methods 
(14th Edition) recommends icing of samples 
between collection ^d testing. • 

VII PHOTOGRAPHS 

A photograph is a sample in that it . is evidence 
representing water quality. Sample collectors 
and field engineers may'carry cameras to 
record what-1±iey see. Pictures help the general 
public and legal courts to better understand 
laboratory data. 
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gical ExaminaSBy 
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TESTING THE SUITABILITY OF 
FOR THE BACTERIOLOGY 



DISTlCiLED WATER 
LABORATORY ' 



I INTROEfUCTION 

' t 

A Standard Methods for the Examination of 
Water and Wastewater (12th Edition) states; 

. "Only distilled water or'demineralized 
water which has been tested^antHovind^free 
fron:i traces of dissolve^ metals and bac- 
tericidal and inhibitory compounds may 
be i/sed for the preparation of culture 
and reagents. B5cftr«^cidal corupettfiJs may 
be measured biolb^C'test procedure 
• . . . ^illlhis-^oatlirie descijibes a suitable « 
procedure. ^- 

B A need for such a test has been shown in 
^the lack of reproducibility of plate counts 
an^ a possible cause of inconsistent re- 
sults in split sample examinations. 




lAGENTS 



Use, reagents of the highest purity*. Some 
branjds of potassium dihydrogen phosphate 
(KH2PO4) have large amounts of impurities.^ 
The sensitivity, of ^he tfest is controlled in^ 
part by the purity of the reagents employed. 




"1 . Carbon source - Sodium citrate, reage*nt, 
^crystals (Na3C6H5a7 • 2H2O) 0.29 g ' ' 
dissolved in 5Q0 ml/of redistilled water. 

^ Nit rogen source - Dissolve 0. 60 g of 
ammonium sulfate j reagent, crystals, 
(NH4)2S04) in 500 ^1 of redistilled 
water. 

3 Salt mixture solution - Dissolve the 
following compounds in 500 ml of re- 
"distilled water. 



n THEORY OF THE TEST PROCEDURE 

A Growth of Aerobacter aerogenes in a 

.chemically defined minimal growth medium. 
The addition of a toxic agent*t>r a growth 
promoting substance will alter the 24 hr. 
population by an increase or decrease of 
20% or more, when compared to a^ controj^^^^ 



m APPARATUS AND MATERIALS 

A Glassware - r^se all glassware in freshly 
' redistilled water from a g^lass still. The 
sensitivity of the 'test depends upon the 
cleaqjiness of the sample containers, * 
/flasks, tubes, and pipettes^^-^ Use 'only 
b.ordsilicate glassware. 

B Culture - any strain of coliform IMViC ^ 
ty^e --t+ (A, aerogenes) > This can be 
easily obtained from ^ariy polluted river ok* 
' sewage sample. 



Magnesium sulfate, reagent, crystals 
(MgSO^ • THgO) 0.26 g. , 

Calcium chloride, reagent, crystals 
(CaClg • 2B^)^Qrrvi g. 

I 



rfrous sulfate, reagent, crystals 
(FeSO^ • HgO) 0.23 g. ' * 

i 

Sodium chloride, reagent, crystals 
. (NaCl) 2.50 g. 

4 Phosphate buffer '^solution - Use 1 to 
25 dilutiop of a stock phosphate solution 
prepared^by dissolving 34. 0 gm of 
potassium dihydrogen phosphate 
(KH2PO4) inc500 mi-tJf distilled water, 
adjusting tp pH 7. 2 with 1 N NaOH and 
diluting to 1 liter with distilled water. 

5 Toxic contro l - dissolve 0.40 grams 
CUSO4 • 5H2O in 100 ml of redistilled 
water. Dilute 1:1000 for 1 mg per liter 
Cu before use. > , 
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B Sterilization of Reagents 

Unknown distilled water sample - either 
boiLfor djie piinute or sterilize by mem- 
brane filtration. 

Prepare reagepts with redistilled water 
heated ^o boiling for 1 ta2 minutea. 
. Phosphate buffer solution may be sterilized 
by MF filtration or bo|ling. 

Q> Solutions*are useful up to two weeks when- 
stored at 50c in sterilizek glass? stopperefd ~ 
bottles. ;«*rhe salts solution must be stored 
in the dark because sunlight results in 
copious fei^ric ion precipitation. A slight 
turbidity arising in the first 3 -J^ days ^ 
does not detract from the ugrtCTness of 

^ the reagents. ^ 



y PROCEDURE 



. C6llect 150 - 200 ml of water sample in # ' 
sterile borosilicate glass flask and sterilize. 
Label 3 flasks or tubes: A, B, and F. 
Add water Samples and^ redistilled 
water to d^ch flask as indicated at the' * ^ 
bottom of ^^e page. . — , 



B Add a suspension of A erobacte r aerogenes ' 
^(XMViC type — ++) of"such density that each 
flask will contain 25 4 75 cells per ml. 
Make an ihiti|lbacter|ialsCount by 'plating 
a 1 nil sampleSi^plate count agar. Incu- 
bate tests A-F at 32° br 35C^C for 20 - 24' 
hr. Make plate counts using dilutions of 
1, 0.1, 0.01, 0.001 and 0.0001 ml. ' 



VI PREPARATION QF A BACTERIAL 
SUSPENSION 

A Bacterial Growth 

On the day prior to perfgjping the distilled 
'^water suitability test, uroculate a strain of 
- Aerobacter aerogenes onio a nutrient agar 
.slant with a slope of approximately 2 - 1/2 
inches in length contained in a 125 mm X 
' 16 mm screw cap tube. Streak the entire 
agar surface fo develop a continuous 
growth film and incubate 18 - 24 hrs at 
350c; ^ - 

'B Harvesting Viable Cells 

Pipette 1 - 2ml of sterile dilution^water 
from a 99 ml watef- blank onto the 18 - 24 ' 
hr culture. Emul^i^rthe grow^q9*the 



X 



Media 
Reagents 



Citrate — « . 

Ammonium sulfate -r- 
Salt mixture ' . ■ 



osphate buffer (7^3 + . 1 

Water, I mg per liter Cu , 
Unknown wator ' 
' liedistilled water . ■ 



TOTAL VOLUME' 



gTANDARD TEST 

C9ntrol Unknown Toxic 
DinU Water Control 
A B * 



OPTIONAL TEST 



2.5 

<^ 2.-5 — ^ 


. 2.5 '— 
2.5 


— V .2.5 
2.5 




2:5 

^-1.5 


2;s 

1.5 «^ 


J 2.5 


(TIONA 






"T ^'^ 


21.-$^ 


X — 

21; 0 . 






30.0 


^^^^ 


30*sp 





Food Nitrogen' Carbon 
; Available Source * 'Source 

'** C D : 'E . 




30,0 



30.0 



^0.0 



OPTIONAL TEST 



testing the SuitabUlty of Distmed;Water 




1 1: 2 ml 
slant 
wash] 



B \ 



f Imil 


















ml 







[ . ImlJ 



FLASK 




slant by gently rubbing 1;he bacterial filati 
with the pipette, being careful not to tear 
the agar» and pour the contents bajck into 
the original 99 ml water blank. , ^ - 

C Dilution of Bacterial Suspengion ^ 

Make a 1 - 100 dilution of the original 
bottle into a second water blanks' and a 
further 1 - 1,00 dilution of the second 
bottle into a third water blank, shaking 
7* "vigo^TPvisly aftet each transfer. Then 
J pipette 0. 1 ml of lh« third dilution 

i-Ul, 000, 000) into each of the flasks A, 
B, and F (se^ Standard Methods for 
Examination of Dairy Products, 12th ed. ). 
This proced\ire shtMild result in a final 
dilution of the organisms to a range of 
2^-75 viable cells^for each lyil of test * 
solution. 



D Verification of Bacterial D^sity 

Variations, among strains oi the same 
organism, different organisms, media, 
and surface area of agar slopes will^ 
possibly necessitate adjustir^ent of the 
dilution procedure to arrive at a specific 
density range between 25 • 75 viable cells* . 
To establish* the, growth range' numei^ic ally ' 
for jSb specific or|suusm and* medium, make 
a series of plate counts from the. third ^ 
dilution to determine thetbapterial density. • 
Then^bhoose the proper vplunje from this 
third "dilution wWch when diluted by the 30 
^. xAVin the fiasks. A, B, and F will •. 



contain 25 - 75 viable cells per ml. If 
the procedures are standardized as to 
surface area of the slant and laboratory 
tecjinique, it is possible to reproduce re- 
sults on repeated experiments with 'the 
same strain of microorganisihs. 



E Procedural Difficulties: ^ 
• ■ / 

1 , Chlorine or chloramine distilling over 

into receiver. Distilled Wat^r should be ^ 
checked by a sititable quantitative pro- 
cediirp like the starch-iodide titration. 
If chlorine is found, sufficient sodium thio- 
**• sulfate or sodium sulfite must be adSed. 

2 -Unknown water sample stored iif soft/ 

glass containers or glass containers 
• without liners for metal l^aps. 

3 Contamination of reagents of distilled 
water with a bacterial background. 



4 Incorrect dilution 9f A. aerogenes to 
get 25 - 75 cells pel* ml. \ ' ./ 

6 Gross contamination of the sample de-* , 
' termine^d by the initial colony count be- * 
fore incubation* ^ \ 

F Calculation; 

1 Fofllgpowtii inhibiting substances: ^ 

x^ colony courit'per ml Flask B; ' 
colony Qount per ml Flask A 
^ - ' • 

a Ratio 0. 8 to 1.2 (inclusive) showg 

* no toxic substances. : ^ 
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b Ratio less than 0. B showa grb/rth 
inhibiting substances in water sample. 



2 For toxjlS control 



colony count pX?r ml Flask F ^^^^^ 
colony count per ml Flask A » 

OPTIONAL TEST ^ 

3 ' *For nitrogen and carbon sources that 

promote growth** - . . 

colony count per ml Flask. C " „ 

— ^ — ' — 7-r=i — r-A- Ratio 

colony count per ml Flask A < 

4 *For nitrogen sources that promote 
. growth** ^ 



I 



colony count per ml Flask D 
colpny count per ml Flask A 



Ratio 



5 *F6r carbon sources that promote' 
badterial growth** 



polon^ count per nal Flask E 
colony count per ml Flask A 



Ratio 



G Intei-prctation of Results; 

1 The colony cpjunt frofn Flask A after 
20 - 24 hours, at 35oC will depend on 

^^thejiuinber of organisms initially 

planted in Flask A and on the strain of A. 

' aerogenes used in the test procedures. 
'This i& the reason the control Flask A 
must be run for each individual series 
of tests. ' However, for a given strain 
of aerogenes under identical 
environmental conditions*, the terminal < 
count should be 'reasonably constant f * 
when the. initial plant is the same. \ 
• # • 

Thus, it is essential that the initial 
colony count on Flask A and Plask S 

' shouldl>e apgroximatfely equal to secure 

• arccurate data. 



2 When the ratio exceeds 1. 2, it ina^ 
assumed that growth stimulating sul 
stances iare present. However j'^ihis 
procecuire is an extremely sepsitive 
test and -ratios up to 3.0 would have 
little significance in actual practice. 
Therefore^ Test C, D, and I^"xJo~no^ 
appear necessg^ry except in special 
circumstances, when the ratp.^ 
between 1.2 and 3.0. ^ 

3 Usually Flask C will be very low and 
flasks D 'and E will have a ratio of less 

„ than 1. 2 when the ratio of Flask B/ 
Flask A is between 0.8 and 1.^2. The 
limiting factors of growth in Flask A.^- 
are the nitrogen and organic oarbonS 
present. An extremely^ large, amount 
of ammonia nitrogen with no organic 
carbon could increase th^r^tlo ^in ^ 
Flask D above 1. 2 or the absence of 
nitrogen with high carbon concentration 
could give_ratios abov^ 1.2 in Fl|LS.k 
E with an A/B ratio between 0. 8 and 
1.2. 

4 A ratio below O.S indicates' the water - 
contains toxic subsJtdnces and this ratio 
includes al|^ allowable tolerances^. As 
indicated in item 2 (aibove), t he 1 . 2 
ratio could go as high as. 3. 0 withojit 
any undesirable ;:esult^. 



We are unable to recommend corVectiv< 
measures in specific cases of defective 
distillation apparatus. However, at 

rc f ^IJ^opcctio n^oft^ 
equipmentahd'a review of productie^ 
and^ handling of the distilled water ^ 
should enable the^Iocal laboratory 
personnel'to correct the cause of the 
difficulty. 



not attenlpt ta^iculate ratios, 3, 4, or -j- 
5 when ratio I'^in'^icates a toxic reaction,.- - 
**Rati^ in excess of 1.2 indicates available 
source fo^ bacterial growthr> 
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CASE EXAMPLES 



Test results for various distxlled'water samples 



SOURCE 


COUNT 


CONJ'ROL 
^ COUNT 


RATIO 


INTERPRETATION 


'l 


< ' 100 * 


1 
1 

120, 000 


. 


Toxic &ibstance 


• 

2 


" 74. 000 


170,000 


6.4 


' Toxic Substsmce 


* 3 


18, 000 


14,000 




Excellent water 


4' 


21,000 


. 14,000 


up 


E^fcellent water 


5 • 


^ 310, 000 


' 60*, 000 


. 5.2 


• Growth Substance 
» 


• 6 


850, 000 


• 37,000 


22.9 


Growth Substance 
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RESIDUAL CHLORINE AND TURBIDITY 



I. INTRODUCTION 



the Interim Primary Drinking Water Regulations (Feder^KRegister, December 247^ 
1975) permfts, the options of substitution of to 75 percent of the bac- 
teriolQgica] samples 'With residual chlorine determinations. Any community 
or non-comranity wateV system may avail themselves df this option with 
approval frpm the State based ^upon results of sanitary surveys. Residual 
chlorine defterminations must be carried o\t at the frequency of at least 
four.J6r each substituted microbiological s^ple. 

Si^nce many potable water^.l ants carry out their own microbiological deter- 
minations, it will be necessary that these laboratories be certified, for 
the bacteriological parameters. Residual chlorine determinations may be * 
carried out by any person acceptable to the Staite and the ^analytical 
method and technique^ used must be evaluated in some manner to assure that^ 
reliable iinfformatibn is obtained. 

^ -■• ■ , • » . - 

Since the presence of high turbidity £an interfere with the disinfection 
capability of chlorine,, a (naximum allowable limit has been set for turbidity 
as follows: 

0ne~tur5Taity jjm't (TU) as determined V a monthly average except 
that five or. fewer turbidity units may be allowed if the supplier 
of wa't6r'~<?an demonstrate to the State that the higher turbidity 
xJoes not 



1. Interfere with disinfection, 

2. Prevent maintenance of residual of disinfectant throughout 
distribution system, or, 

-3. Interfere wijth microbiological determinations. 

B. Five turbidity units based on an average of two consecutive days. 

The "Criteria and Procedures Document for Water Supply Laboratory Certif-i- . 

■ 'cation- suggests that some quality control ■ gui del ines^b^ insti'tuted for 
the residua] chlorine and turbidity measurements at ^th^State level for 
the purpose of .'ensuring data validfty for thesis critical measurements. 

In responsfe-to public comments regarding the proposed Primary Regulations 
(Federal Register,* December 24, 1975) i.t is stated, that operators per- 
forming residual chlor-ineljand turbidity analyses " be certified, - 

approved, or at least miiffmally trained to perform the analytical tasks 
before a State could acceft their analytical determinations...." ' . 
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II. RESIDUAL CHLORINE . « , 

Since., residual chlorine anajysis ^ou1d be carried out in "field" conditions 
or in the small laboratories of treatment plants, perhaps by unskilled 
operators ,o "^t:is necessary to keep the analytical method as simple as ^ 
'possible-. For^a number of years, operators had utilized the orthotolidine 
'technique in a kit form to determine- the^chlorine residual. Recent 
studies and regulatory guidelines have dictated against this test procedure. 
The aqfeptable test procedure is now the DP D Test (13th Ed., Standard Methods 
for the Examination of Water and Wastewater , pgs. 129-132), for which kits 
are available from at least two companies and which meet requirements for ^ 
accuracy and reliability. These l^its are capable of measuring both free 
..and combined chlorine of which only the free chlorine is measured to meet 
cofriplianpe requirements. Kit procedures call for a pr^measured single 
powder or tablet reagent added' to theU'est cell with the sample and a 
resultant color development measures by comparison the standardized colors 
within one minute. Standcjrd, Methods includes cautions regarding temperature 
and phLgontrbl regarding this test parameter and, this test procedure, the 
DPD Test^is least effected by temperature and the pH is adjusted by the 
added reagents. The only interfering r.ubstance/oxidized manganese, can 
be determined in a preliminary step and compensatedi^for in the final .test 
value. ^ 



\ 

III. TURBIDITY . \ ' . 

- Turbidity fcas long been used in the wajter supply industry for indicating proper 
operational techniques. Turbidity should be clearly understood to be an ex- 
pression of the optical property of a sample which cau^'es light to be scattered 
and absorbed rather than transmitted in straight lines through the>sampTe. 

The standard method for the determination of turbidity has been based on the 
• Jackson candle turbidimeter. n However, the lowest turbidity value^^hich can 
be measured directly on -the Jackson turbidimeter is 25 units which is well 
above the monitoring level. Because of these low level requirements, the 
nephelometric method was chosen and procedures are given 'in Standard Methods ^ 
(13th Ed., 1971). ^ ^ ^ 

IV. NEPHELOMETkiC MEASUREMENTS FOR COMPLIANCE MONITORING 

The subjectivity and apparatus deficiencies involved in visual methods of 
measuring turbidity make each unsuitable as a standard method. 

Since turbidity is anWpression of the optical p/operty of scattering or 
absorbing .V[ght, it was natural that optical instruments with photometers 
would be developed for this, measurement."^ 

The ti'pe of equipment specified for compliance monitoring^^'^^ utilizes 



nephe|ometry. 
A. Basic Principle 



.(7) 



/ 



. 

The intensity of light scattered by' the sample is compared (under defined 
conditions) with the intensity of light scattered by ^ standard reference 
solution (formazin). The greater, the intensity of scattered light, the 
greater the turbidity. Readings are made and reported in NTUs (Nephelometric 
Turbidity Units). ' . * " ' 1 
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Schematic 




Turbidity Particles 
Scatter Light 



Sample (Zell 
(Top Vjew) 

Figure 2 NEPHELOMETER 
(90^ Scatter) 



Light passes .through a polari 
Suspended particles (turbidity 




n to the sample in^ cell 
fatter the Ti'glit. 



'Photocen(s) detect light scattered by the particles at a 90^ angle to the 
'path of the incideat light. This light energy is converted -to an electric 
signal for the meter to measure. 

1. Direction of Entry, of Incident Light to Cell- / * 

V 

. a. The lamp might be positioned as shown in the schfematic sfi the 
beam enters a sample horizontally. 

^^^^'^ 

b. Another .ins tr^ument design has the light beam entering Ihe sample 
(in a flat-bottom cell) in a vertical direction with the photocell 
positioned accordingly at a 90° angle to the path of incident light 

2. Number of Photocells 

The schematic shows the photocell (s) at one 90° cingle to the path of 
th^ incident light* An instrument might utilize more than one photo- 
cell position, with each final position being at a 90° angle to the 
• sample liquid. * ^ ' • ^ P 

3. Meter Systems 

a* The meter might measure the signal from the scattered light in- 

tfensity only. ' 
\ ' ^ . ^ • ' 

b. The 'meter might measure the signal from a ratio of the.scattered 

light versus light transmitted directly through, the sample to a . 

photocell./ ' . 
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'4: Meter Scales and Calibration 



a* The meter may already be calibrated in NTUs. In this caset" 
at lea's t one standard is run in each instrument ran^e to be 
used in order to check the accuracy of the calibration scales. 

b. If a pre-calibrat6d scale is not'supp^ied, a calibration curve 
is prepared for each range of the instrument by using appropriate 
' dilutions of the standard turbidity ^suspension. ^ 

EPA Specifications for Instrument Design>^^^^ 

Even when the same suspension is used^for calibration of different 
nephelom^ters, differences in physical design of the turbidimeters will 
cause differences in measured values for the turbidity of the same sample 
To minimize such differences, the following design- variables have been 
specified by the U. S. Environmental Protection Agency. 

K Defined Specifications 

a. Light Source , • ' 

Tungsten lamp operated at not less than 85% of rated voltage 
and at not more than rated rvoltage. . 

b* Distance Traveled by Light 



The total of the distance traversed by the incident light plus 
.scattered light within the sample tube should not exceed IQ cm. 



c. Angle of Light Acceptance of the Detector 

' ' Detector centered at 90° to the incident light path and not to • 
exceed^f -30° from 90°. , 

(Ninety degree scatter is specified because the amount of scatter 
' varies with size of particles at different scatter angles). 

d. Applicable "Range ? . 

. ^The maximum turbidity ''to be measured- is 40 units,. Several ranges 
will be necessary to obtain adequate coverage- Use dilution for 
samples if their turbidity .excegds 40 units. 

2. Other EPA Design Specifications ' ' ^ 

a. Stray Light 

. Minimal stray lic|ht Should reach thp photocell(s) in the absence 

^ of turbfdity.* , ^ 
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Some causes of stray l-ight reaching the photocell (s)- are: 

1) Scratches or imperfections in glass cell v/indows. 

2) Dirt, film or condensation on fhe glass. 
.,3), light leakages in theMnstrument system. 

A sehematic of these causes is shown in Figure 3. 



Meter 




Light Leakage 
frdm Lens Systerq 



, Phofocetl(s) 




Light Leakage from 
Transmitted Light 



, * Ligh^Scatter'by glass tube 
(Top View) 

' Figure 3 WPHELOMETER. ' . 
• SOURCES OF STRAY LIGHT 

Stray light error can be as much as 0*5 NTU., Remedies are \ 
• ^'close inspection of sample cells for imperfections and dirt, " 
and good design** which can minimize the effect of stray light 
by controUing the angle at which it reaches the sampJ^* 

b^. . Drift ^ - 

. The turbidimeter should be free from significant drift after a 
short warm-up period. This is imperative if the anafyst^is 
relying^on a manufacturer's solid scattering standard for setting 
overall instrument sensitivity for all ranges. 

c. Sensitivity 

Tn waters having turbidities less than one unit, the instrument 
should-detect turbidity differences of 0.02 unit dr less. 
Several ranges will be necessary to obtain sufficient , sensitivity 
*,^or low turbidTties. 

ixipTes of instruments meeting the specifications Ipled in 1 and 2 
ibo^fe include: ^ ' > * 

a. /Hach*Turbidimeter IJIodel 2100 and 2100A. 

b. Hydroflow Instruments DRT 100, 200, and 1000-. 



4. Other turbidimeters meetifig the listed specifications are also 
acceptable. 

Sources of Error . . 

1. ...Sample C511s / ■ t ' - 
■ a. Discard scratched or etched cells. 

b. Do not touch cells where light strikes them in instrument. 

(8) 

c. Keep cells scrupulously clean, inside and out.^ 

ly Use detergent solution. . • ' 

2) Organic solvents may also be used.- 
'3) Use deionized water rinses. 

4). Rinse and dry with alcohol or acetone. ^ 

2. Standardizingr.Suspensions.^^^ . ... 

a. Use turbidity - free water for prewrations. Filter distilled 
water through a 0.45ym pore size meitibrane filter if such filtered 
wa.ter shows a lower turbidity than ttte- distilled water. 

' ' b*. Prepare a new stock suspension of Formazin each month. 

c. Prepare a new standard suspension and dilutions of Formazin 
each week. 

3. Sample Interferences 
a. Positive 

' 1) Finely divided air bubbles 

^ b. Negative 
' ^1) Floating debris 

^ 2) Coarse sediments (settle) 

3) • Colored dissolved substances 

(absorb lisht) 



E. . Reporting' Results^ ^ ' 

NTU RECORD TO NEAREST 

O.p-KO ' 0.05 

1-10 OJ / * 

10-40 ' 1- 

40-100 5 

100-400 * ' ^ ' /iO / 

^ 400-1000 ' . ' . 50 

, >100O ' voo 

(7) - , ' - 

F. Precision and Accuracy^ ' 

1. In a 'Single laboratory-^ (EMSL) , using surface water samples at 

levels of 26, 41% 75 and*180 NTU, the standard diviations were 
+0.6ai +0/94, +1.2 and +4.7 units, respectively. 
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^^.,.-2^ Accuracy data is not available at this time. 
STANDARD SUSPENSIONS AND RELATED- UNITS^^'^ " 

One of the critical problems in measuring turbidity has been to find a 
material wKich can.be made into a reproducible suspension with uniform sized 
particles. Various materials have been used. * ^ ^ 

A. Natural Material? 

1. Diatomaceous earth 

2. Fuller's earth/ 

3. Kaolin • \ , 

4. Naturally turbid waters. 

*'Such suspensions are not suitable as reproducible standards because 
there is no way to control the size of the suspended particles. - 

B. Other materials 

K Ground glass . - ^ " 

2. Microorganisms • . 

3. Barium Sulfate 15*8 1 ' 
- 4. Lates spheres " • 

Sus^pensions of these also proved- inadequate. 
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C* Formazin ^ • 

1. A polymer. formed by reacting hydrazine sulfate* and hexamethyl enete- 
tramine sulfate. * 

2. It is more reproducible than previously, used standards. Accuracy 
of ^ one percent for replicate solutions has been reported. 

> 3* In 1958> the Association of Analytical Chemists initiated a standard- 
ized system of turbidity measurements for 4he brewing industry by: 

' a. Defining a standard formula for making stock Formazin solutions 
and * ^ 

b. Designating a unit of measurement based on Formazin, i.e., the 
Formazin Turbidity Unit (FTU). 

4. Durtng the i960's Formazin was increasingly used for water quality, 
turbidity testing. It is the currently recognized standard for 
compliance turbidity measurements. - . 

D. Units " - ■ . ' ' ^ , • • 

1. At first results were "translatecj into Jackson Turbidity Units (JTU). 
However, the JTU W9S derived from a visual measurement using con- 
centrations "(mg/l iter) of silica suspensions prepared by Jackson. 
They have no direct relationship to the intensity of l.ight scattered 

<■ at 90, degrees in a nephelometer. • . . 

' . * , * 

2. For a few years, results of nephelometric measurements using specified 
' • Formazin standards were reported directly as Turbidity Units (TUs). 

3. Currently, the unit used is name^ according to the '1ns;t^uraent used far ■ 
measuring turbidity. Spe<^f*ied Formazin s-tandards -are used to calibrate 
the instrument and results are reported as Nephelometric Turbidit^' 
Units, (NTUs). , ^ . " . • . 

.SUMMARY 

The importance of residual chlorine determination' can be seen in Us,pos]sible . ' 
effect on the health of the. consumers. The Criteria and Procedures for 
Laboratory Certification suggests that some form of quality assurance should , 
be instituted on a state level to assure valid data for- both the chlorine and 
turbidity measurements. The comments on the putJlic respons.es to the proposed 
Interim Primary Regulations also suggests some form of quality assurance on 
the state level 'to be instituted. Consequently, the Regional Certification team 
should point out to the principal laboratories the importance of some kind of 
effort being instituted. States might wish to offer some kind of formal 
training effort as' part of the approval mechanism for the operators doing • 
the chlorine and/or turbidity measurements. 
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